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1.0 INTRODUCTION 


1.1 Purpose and Organization 
Hull & Associates, Inc. (Hull) has been retained by New Hampshire Ball Bearings, Inc. (NHBB) 

to coordinate, on behalf of NHBB, the Focused Feasibility Study (FFS) for Source Mass 

Reduction and Plume Control at the South Municipal Water Supply Well Superfund Site (Site), 

which is located on Route 202 South in Peterborough, Hillsborough County, New Hampshire 

along Contoocook River, south of Noone Pond. 

This Focused Feasibility Study (FFS) summarizes the findings of an evaluation of alternative 

remedial process options for treatment of source areas and containment of groundwater at the 

(Site). These evaluations were conducted in part due to the declining performance of the 

current Site remedy. The original “Remedial Investigation Report (RI) South Municipal Well 

Site” (April 1989) and the “Feasibility Study (FS) South Municipal Well Site”, (July 1989) were 

completed by EMTEK, Inc. (EMTEK). The selected remedy, which specified pump and treat/soil 

vapor extraction (to address groundwater), was fully implemented by 1994. 

Supplemental investigations in support of the FFS were performed by Hull & Associates, Inc. 

(Hull). Bench testing for select technologies including iron reaction walls and in-situ chemical 

oxidation technologies were subcontracted to EnviroMetals Technologies, Inc. (EnviroMetals) 

and Expert Design & Diagnostics, LLC. (XDD), respectively. 

All activities pursuant to this FFS have been conducted, to the maximum extent practicable, in 

accordance with United States Environmental Protection Agency (USEPA) requirements for 

hazardous waste investigation/cleanup actions under the Comprehensive Environmental 

Response, Compensation, and Liability Act of 1980 (CERCLA), the Superfund Amendments 

and Reauthorization Act of 1984 (SARA), and the National Contingency Plan (NCP), dated 

March 1990. This FFS has been prepared on behalf of NHBB, for the U.S. Environmental 

Protection Agency (U.S. EPA), their subcontractors and other representatives.  The purpose of 

this FFS is to develop and evaluate potential remedial alternatives for the Site given the 

declining performance of the current remedy. 

This report follows the general organizational format presented in the RI/FS Guidance (U.S. 

EPA, 1988a). This FFS report is organized to follow the three phases of the FS process: the 
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development of remedial alternatives, the screening of remedial alternatives, and detailed 

analysis of selected remedial alternatives. The development and screening of remedial 

technologies has been performed by looking at individual remedial alternatives which have 

proven effectiveness in treating chlorinated solvent mass.  The detailed analysis has been 

performed for combinations of the individual alternatives that provide a comprehensive remedial 

action for the Site. 

1.2 Site Background and Setting 
The Site encompasses 250 acres in a rural portion of the Contoocook River valley, 

approximately two miles south-southwest of the Town of Peterborough (Town) in Hillsborough 

County, New Hampshire (Figure 1). The Site has been defined to include the South Well, a 

portion of the Contoocook River, the adjacent wetlands, and the NHBB property and several 

other properties and right-of-ways. The South Well is located at the eastern edge of the Site, on 

Sharon Road, approximately 350 ft. east of the Contoocook River.  Access to the area is from 

U.S. Highway 202 and Sharon Road. The land use in the vicinity of the South Well is primarily 

rural and undeveloped.  The surrounding area is sparsely populated and consists primarily of 

the Contoocook River, wooded mountainsides and wetland features with occasional commercial 

and residential structures (Figure 2). 

The NHBB facility, identified as the source of VOCs detected in the South Well, is situated 

approximately 1,200 ft. northwest of the South Well and approximately 800 ft. west of the 

Contoocook River. The NHBB property currently consists of an active manufacturing facility, 

asphalt parking lots, the groundwater treatment system and sedge meadow wetlands.  An 

unnamed creek runs easterly across the northern edge of the NHBB property and drains into 

the sedge meadow wetlands located between the eastern edge of the NHBB’s northeastern 

parking lot and Route 202. U.S. Route 202, the main traffic artery to Peterborough from the 

south, the abandoned Boston & Main Railroad (B&M Railroad) which runs parallel to Route 202, 

and Sharon Road all cut north-south through the Site. 

Throughout its history, the footprint of the NHBB manufacturing facility has changed.  The 

original facility, built in 1956, occupied what is currently the southern extent of the existing 

building. Subsequent modifications to the building occurred through expansions in 1960, 1966, 

1978, 1980 and 2004. The building was generally extended northward and westward as 

subsequent additions were completed. 
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Four major surface water features have been identified at the Site including the aforementioned 

sedge meadow, a shallow marsh, the Contoocook River/Noone Pond system and its associated 

deep marsh. The sedge meadow drains into a shallow marsh located north of the NHBB 

property. These features in turn drain into the Contoocook River/Noone Pond system located 

east of Route 202 through culverts under the former B&M Railroad lines and Route 202.  Two 

surface water drainage features have been identified on the NHBB property, including a 

drainage swale that runs to the north roughly parallel to Route 202, draining into the sedge 

wetlands and an unnamed creek that runs along the northern side of the property trending to 

the east, also draining into the sedge wetlands.  The unnamed creek has been moved north (at 

least) three times during building expansion efforts. 

Figure 3 presents a Site Plan including the location of the NHBB manufacturing facility, the 

sedge meadow wetlands, the extraction and monitoring well network and the location of the 

South Well. 

1.2.1 Site Description 
1.2.1.1 Regional Geology, Physiography, and Soils 
1.2.1.1.1 Regional Geologic Setting 
The unconsolidated deposits in south central New Hampshire consist mainly of 

Pleistocene age glacial drift (Bradley, 1964). Till, ice contact deposits and outwash 

deposits are prevalent throughout the region and define the direction of ice flow 

originating from the northwest. 

Recent age swamp deposits and alluvium are also found in the unconsolidated deposits 

of south central New Hampshire (Bradley, 1964).  Swamp deposits consist of 

decomposed organic matter and peat mixed with silt, sand and gravel, and are found in 

poorly drained lowlands. The thickness of the swamp deposits ranges from 1 to 20 ft. 

Alluvium, deposited by modern streams and rivers, consist of stratified sand and silt with 

few cobbles. Alluvial deposits are found along the entire length of the Contoocook River 

(Goldthwait et. al. 1951). 

The Site is located within the Peterborough Quadrangle and lies in the deformed 

Appalachian tectonic belt. The strike of the bedding, foliation and fold axes exhibits a 

predominantly northeastern trend, consistent with general Appalachian structure.  The 

bedrock in the Peterborough Quadrangle consists of Lower Devonian age metamorphic 
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rocks and Middle Devonian age plutonic rocks.  The metamorphic rocks are assigned to 

the Littleton Formation and are primarily mica schists with minor amounts of quartz-

feldspar and lime-silicate granulites. Plutonic rocks of the New Hampshire plutonic 

series extensively invade the Littleton Formation in the Peterborough Quadrangle.  The 

New Hampshire plutonic series near to the Site is composed of the Spaulding quartz 

diorite, the Kinsman quartz monzonite, binary quartz monzonites and pegmatites. The 

pluton closest to the Site is the Peterborough pluton which consists of binary quartz 

monzonite. In the bed of the Contoocook River at Noone, the southern edge of the 

pluton has been mapped as having steeply dipping sheets of quartz monzonite (Billings, 

1956). 

1.2.1.1.2 Site Geology 
The Site is underlain by heterogeneous glacial deposits that are highly variable in 

thickness, ranging from approximately 20 to 90 ft. thick. The thickness of these deposits 

is dependent upon the highly variable bedrock surface elevation. The thickest deposits 

are found on the NHBB property, to the east of the manufacturing faculty, in a bedrock 

valley or trough. Deposits generally thin toward the east, with the rise in the bedrock 

valley wall roughly coincident with the alignment of the former Boston & Maine railroad 

tracks. The thinnest sequences are found adjacent to the Contoocook River at 

approximately 40 ft. thick. 

The unconsolidated deposits generally consist of fine to very coarse-grained sands that 

contain some interbedded, discontinuous clayey or silty seams as well as some gravelly 

and cobble zones. Section 1.3.2.3 of the “Source Area Delineation Summary Report” 

(Hull, November 2007) provides an in-depth summary of the stratigraphic profile found at 

the Site.  Generally, the unconsolidated deposits beneath the Site are classified into six 

distinct stratigraphic units based on grain size and depositional environments, which 

provide an average saturated thickness of 56 ft. The sediments generally coarsen with 

depth (with the exception of the basal till, which overlies bedrock) and toward the east 

before beginning to thin east of the sedge meadow’s western limit.  The thickness of the 

unconsolidated deposits mimics the bedrock surface, thinning toward the northeast and 

southwest boundaries of the Site. 

HULL & ASSOCIATES, INC. 4 SEPTEMBER 2009 

MASON, OHIO NHB034.200.0020 




  

  

 

 

 

 

 

 

 

 

1.2.1.1.3 Physiography and Topography 
The Site is located in the Contoocook River valley and is primarily flat and low-lying, 

particularly adjacent to the wetlands and river.  Relief has been artificially created by 

surface fill near the NHBB building, Route 202, beneath the former Boston & Maine Rail 

line and at the easternmost points of the Site proximate to EX-5A. On the NHBB 

property, surface topography declines approximately 12 ft. from the northeast section of 

the building footprint to the western edge of the wetlands. Natural relief is created by the 

highlands found to the north, west and east of the Site. 

1.2.1.2 Climatology 
Peterborough, New Hampshire climate is mild during summer when temperatures tend 

to be in the 60's (Fahrenheit) and very cold during winter when temperatures average in 

the 20's. The warmest month of the year is July, with an average maximum temperature 

of 78.70 degrees Fahrenheit, while the coldest month of the year is January, with an 

average minimum temperature of 9.30 degrees Fahrenheit. 

Temperature variations between night and day tend to be moderate during summer 

with a difference that can reach 22 degrees Fahrenheit, and moderate during winter 

with an average difference of 21 degrees Fahrenheit. 

The annual average precipitation at Peterborough is 44.68 Inches.  The average 

snowfall is 81 inches per year.  Rainfall in is fairly evenly distributed throughout the 

year. The wettest month of the year is August with an average rainfall of 4.12 Inches. 

1.2.1.3 Land Use 
Land use adjacent to Site is primarily rural and underdeveloped with sparse commercial 

businesses and residential properties. Commercial businesses are located north of the 

Site along Rt. 202 and Sharon Road, approximately 1,600 ft. north of the entrance to the 

NHBB plant. A plumbing business and apartments are found on the property adjacent to 

the South Well. Property located immediately to the north and west of NHBB is 

undeveloped and is covered by a mature pine and birch forest. 

1.2.1.4 Natural Resources 
The primary natural resources in the vicinity of the Site are related to water.  The surface 

water features of the sedge meadow wetlands/Noone Pond system and the Contoocook 

River provide habitat for varied bird and fish life.  The Contoocook River also provides 
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both warm and cold water habitats for various sport and recreational fishing. In the 

vicinity the South Well the river is approximately 30 ft. wide with an average depth of 2 ft. 

Flood stage for the Contoocook River at Peterborough is 5.5 ft. Average flows at the 

Peterborough gauging station are less than 200 cubic ft. per second (cfs).  The river 

experienced a 100-year flooding event in May 2007 when the river’s discharge peaked 

at 4,150 cfs.  The river flows north/northeast, discharging into the Merrimack River at 

Concord. The Contoocook River in general is heavily used for recreational purposes, 

including boating and fishing. 

Natural resources associated with the unconsolidated aquifer consist of the groundwater 

resource, historically used as a drinking water source. Groundwater in the South 

Aquifer, in areas potentially impacted by the Site and associated contamination, has not 

been used as a water resource since closure in December of 1982.  Groundwater is still 

being used as a drinking water source to the north of and cross-gradient to the Site. A 

commercial bottled water company is located approximately 1,300 ft. south of the South 

Well; residential wells are located approximately one-half mile north of the Site. 

The deposits making up the unconsolidated aquifer are also used as a source of sand 

and gravel for commercial sale. 

1.2.1.5 Surface Water Hydrology 
Four major surface water features have been identified at the Site including the 

aforementioned sedge meadow, a shallow marsh, the Contoocook River/Noone Pond 

system and its associated deep marsh.  The sedge meadow drains into a shallow marsh 

located north of the NHBB property.  These features in turn drain into the Contoocook 

River/Noone Pond system located east of Route 202 through culverts under the former 

B&M Railroad lines and Route 202. Two surface water drainage features have been 

identified on the NHBB property. A drainage swale runs to the north roughly parallel to 

Route 202, draining into the sedge wetlands. An unnamed creek runs along the 

northern side of the property trending to the east, also draining into the sedge wetlands. 

In response to the historic NHBB building expansions, the unnamed creek has been 

relocated (at least) three times during the Site history, moving the path of the creek 

toward the northern property line. The Contoocook River receives drainage from 

approximately 65 square miles at its location near NHBB. 
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1.2.1.6 Groundwater Hydrology 
Regional Hydrogeologic Setting 

There are two principal unconsolidated water-table aquifers near Peterborough, New 

Hampshire. The North Aquifer currently serves as the municipal potable water supply 

for the Town.  The South Aquifer was historically a source of drinking water for the 

Town, supplied by the operation of the South Well.  The well is a 70.5 ft. deep, gravel 

packed well with a reported safe yield of 0.5 million gallons per day (mgd). 

Site Hydrogeology 

Groundwater in the Contoocook River Basin generally flows toward the north following 

the river valley. Groundwater beneath the western portions of the Site (NHBB property) 

generally flows toward the east/northeast, then trends in a northerly direction paralleling 

the river east of Route 202, primarily controlled by topography.  Potentiometric surface 

data from the bedrock aquifer indicate similar northeasterly groundwater flow within 

bedrock. 

Groundwater flow patterns beneath the Site are such that water from the north, central 

and southern portions of the NHBB facility converges toward an area surrounding EX

5A, restricting north south dimensions of the plume.  The stratigraphic heterogeneity 

observed within the aquifer does not significantly influence steady-state flow conditions 

at the Site which, as previously stated, are controlled by topography. 

Water level data indicate that little variation exits in the potentiometric surfaces of the 

upper and lower portions of the aquifer, demonstrating the unconsolidated aquifer 

behaves as unconfined to semi-confined. 

Vertical flow within the unconsolidated aquifer indicates that the sedge wetlands usually 

recharge the aquifer and the river is recharged by the aquifer north of Outfall 009 [one of 

two discharge points for groundwater treated at the Groundwater Treatment Plant 

(GWTP); the other location is at the wetlands]. Conversely, the river discharges to the 

aquifer south of the outfall. Vertical flow components, as determined by head 

comparisons, are also present between the unconsolidated aquifer and the bedrock 

aquifer. Generally, in the eastern/northeastern portions of the Site (east of Sharon Rd) a 

flow is from the unconsolidated aquifer to the bedrock, whereas upward flow exits across 

the rest of the Site. The bedrock behaves as a leaky confined aquifer, where 
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confinement is primarily provided by glacial till (Unit 1) at the base of the unconsolidated 

deposits. 

Further detailed discussions of groundwater hydrology can be found in the “Pre-Design 

Report for the South Municipal Water Supply Well Superfund Site” (Hull, December 

1991); “Responses to EPA Comments Pertaining to the Pre-Design Work Plan and 

Supporting Documents for the Pre-Design Activities at the South Municipal Water Supply 

Well Superfund Site” (Hull, March 1991), and the “Source Area Delineation Summary 

Report” (Hull, November 2007). 

1.2.2 Site History 
The South Well was initially drilled and pump-tested in 1952 by Camp, Dresser & McKee, Inc. 

The gravel packed well is 70.5 ft. deep with a reported safe yield of 0.5 mgd.  Quantity and 

quality of the water from the well was adequate for the Town of Peterborough until October 22, 

1982, when a sample of water collected by the New Hampshire Water Supply and Pollution 

Control Commission (NHWSPCC) was tested for VOCs. The sample exhibited over 100 parts 

micrograms per liter (ug/L) total VOCs.  Subsequent sampling performed in December 1982 

confirmed the initial testing results.  Due to the unknown risks of consuming low concentrations 

and combinations of organic chemicals, the USEPA and NHWSPCC recommended that the use 

of the well be discontinued. The Town changed the source of municipal water to the North Well, 

which had been previously drilled and was on standby at the time.  The 24-acre NHBB property 

is located approximately 1,200 ft. upgradient of the South Well and was thought to be the 

source of the VOCs.  NHBB has manufactured precision ball bearings at the Peterborough 

facility since 1956. 

In May 1983, the South Well area was inspected and ranked according to the Hazardous 

Ranking System (HRS) and placed on the National Priorities List (NPL) of sites eligible for 

funding under CERCLA. In July 1986, NHBB signed a consent order with the USEPA; the 

remedial investigation/feasibility study was completed in September 1989.  Also in September of 

1989 USEPA issued the ROD for the Site, establishing the RAOs for groundwater: The RAOs 

are further discussed in Section 2.3. 

Between July 1990 and January 1993, extensive Pre-Design investigations were undertaken 

and the design of the remedy was finalized. As a result of the information obtained during the 

Pre-Design investigations, an ESD was issued for the Site on May 6, 1993. The ESD primarily 
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documented modifications to the remedy relevant to air emissions control and sediment 

excavation. Construction of the groundwater treatment system began in June 1993 and the 

system became operational in March 1994. 

On February 3, 1997, the USEPA signed an additional ESD that explained USEPA’s decision to 

waive ARARs for cleanup of groundwater on a portion of the Site.  The ESD was based on the 

technical impracticability from an engineering perspective of restoring groundwater quality within 

a reasonable time frame due to the presence of DNAPL. The Site remedy was revised such 

that the existing pump and treat system was used to hydraulically contain the VOC plume within 

a boundary defined by extraction well EX-4’s zone of capture, approximately at NHBB’s 

downgradient property line.  Low-concentration dissolved-phase VOCs located outside the 

NHBB property were still to be treated to drinking water standards.  As a result of the revised 

remediation goals (discussed in Section 2.3), operation of groundwater extraction wells EX-1, 

EXH-3, EX-6 and EX-9 was terminated following the collection of groundwater quality samples 

in late June 1997. 

The Site currently operates five extraction wells, including EX-1, EXH-3, EX-4, EX-5A and EX

10. The primary function of the extraction system is to provide hydraulic containment of the 

VOC plume. 

Extraction wells EX-4 and EX-10 are used to provide hydraulic containment of the NHBB plume. 

These wells have been experiencing specific capacity losses due to persistent biofouling of the 

well screens, sand packs and surrounding unconsolidated deposits proximate to the wells. 

Although NHBB has implemented a regularly scheduled maintenance program, only temporary 

increases in well efficiencies have been observed following the well cleaning and maintenance 

and the wells have continued to generally diminish in capacity over time.  The persistent fouling 

has and continues to hinder the performance of the containment wells. In an attempt to extend 

the life of the containment system, NHBB employed the services of ARCC, Inc. (ARCC), a firm 

which specializes in biofouling and well rehabilitation.  ARCC developed a glycolic and muriatic 

acid cleaning protocol for the wells which has been implemented three times (April 2007, 

November 2007 and August 2008). Consistent with historic performance, implementation of the 

revised cleaning protocol has only resulted in short lived improvement of well capacities and 

pumping rates and the wells require continued maintenance.  To date, well cleaning has taken 

place approximately every six months. NHBB has initiated self-implemented chemical dosing 
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as interim measures between rehabilitation events. The efforts associated with well 

rehabilitation and system maintenance have been summarized in the annual reports. 

Extraction wells EX-1 and EXH-3 were reactivated on June 26, 2006 at pumping rates ranging 

from less than 25 gpm (EX-1) to a maximum of 50 gpm (EXH-3) in an effort to reduce the 

containment load captured by the primary extraction wells. 

Extraction well EX-5A operates to remediate groundwater outside of the primary containment 

system in the dilute plume to clean-up levels. The well’s operation was suspended in late 2007 

due to poor performance related to biofouling within the well and surrounding aquifer. EX-5A 

was reactivated in September 2008, but continues to experience performance problems. 

Discharge of the treatment system is directed to the wetlands, meeting the substantive 

discharge requirements established for National Pollutant Discharge Elimination System 

(NPDES) permitting. Discharge requirements of 100 ug/L total VOCs were carried into the ROD 

as an ARAR for surface water discharge. 

The Town of Peterborough completed two pumping tests of the South Well to evaluate the 

potential of returning the South Well to useful service.  The tests were conducted due to the 

apparent success of the remedial effort as evaluated by the Town, New Hampshire Department 

of Environmental Services (NHDES), USEPA and NHBB.  The most recent testing included a 

long-term pumping test of the South Well that began on October 6, 2003 and was terminated on 

February 3, 2005.  The South Well operated 24 hours per day at 66 gpm during the first six-

month test period from October 2003 through March 31, 2004.  The Town, in consultation with 

NHBB, increased South Well pumping to 24 hours per day at 100 gpm during the second six-

month test period, conducted between April 27, 2004 and November 1, 2004. Following review 

of the data collected during the test’s first year, a decision was made to increase pumping to 24 

hours per day at 150 gpm for an additional six-month test period. The South Well operated 24 

hours per day at 150 gpm from November 1, 2004 until pumping was terminated on February 3, 

2005, following the detection of VOCs at concentrations above cleanup standards in early 

warning monitoring well(s) located near the South Well. 

The pumping test demonstrated that the capacity of the containment system (operating at 

diminished capacity due to biofouling) to capture all portions of the VOC plume is compromised 

when the South Well operates 24 hours per day at 150 gpm.  These results of the South Well 

pumping test and the notable progressive deterioration of the primary containment wells provide 
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early indications that the existing system cannot meet the remedy objectives to simultaneously 

contain the on-Site VOC plume and be protective of the South Well under full operating 

conditions. 

The results of the South Well pumping tests prompted substantial discussions between USEPA, 

NHDES, NHBB and Hull regarding the best course of action to enhance, augment, and/or 

supplement the operation of the containment system such that the remedial goals can be met. 

These discussions have focused on, but not been limited to, several general themes, including: 

1. 	 pilot testing of in-situ stripping/recirculation well technologies to intercept VOC 
contribution to the containment system and to remove VOC mass; 

2. 	 assessing the role of VOCs as intermediaries and/or primary agents in biofouling 
of containment wells; and 

3. 	 exploring the efficacy of chemical oxidation, bioremediation, and/or other 
aggressive source reduction technologies to decrease VOC loadings to the 
containment system. 

The outcome of these discussions included agreement on the need to conduct additional 

investigation of the distribution and extent of high concentrations, or source concentrations, of 

VOCs. Ultimately the discussions and results of the source delineation study led to agreement 

to perform a focused feasibility study (FFS) to evaluate remedies which include source 

reduction. These evaluations do not change the remedy for the dilute plume.  The results of the 

remedial actions evaluated herein should allow for the termination of pumping from EX-5A when 

the groundwater of the dilute plume meets MCLs. 

1.2.3	 Previous Investigations 
Extensive investigation, assessment and hydrogeologic testing have been historically completed 

to support the remedial processes implemented as a result of the original RI/FS (EMTEK, 1989) 

for the Site. The results of these studies have been used (when appropriate) to evaluate 

conceptual alternative remedial scenarios within this FFS. The primary reports referenced in 

preparation of this FFS and the data contained therein are summarized below. 

1.2.3.1 Initial Studies Conducted by the State 
After VOCs were discovered in samples collected from the South Well in 1982, 

investigations to identify the potential sources were initiated. The Site was placed on the 

NPL in May 1983. The NHWSPCC began hydrogeological investigations of the Site in 
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1984-1985 to determine the aquifer characteristics under non-pumping conditions (at the 

South Well), hydrogeological characteristics of the aquifer, possible source(s) of VOCs 

and how the VOCs would be re-introduced into the South Well if pumping were to 

resume. The investigation determined that VOCs were present in the northwest portion 

of the aquifer and attributed the source of VOCs to the NHBB facility. 

1.2.3.2 South Municipal Water Supply Well Superfund Site RI/FS (1989) 
EMTEK began investigation tasks associated with the RI/FS in 1986.  The original FS 

included the remedial evaluations to mitigate the potential adverse human health and 

environmental risks associated with impacted Site groundwater, soil and sediment. The 

“Feasibility Study for the South Municipal Well Site” was published in April 1989 by 

EMTEK. 

Components of the RI sampling program related to this investigation included the 

collection and analysis of data to define the physical characteristics of the Site, as well 

as intrusive investigations to determine the nature and extent of the contamination. 

Testing to determine the Site’s physical characteristics included the review and analyses 

of historic aerial photographs, performance of geophysical surveys, geotechnical testing 

of Site soils, and hydrologic investigations including pumping tests, slug tests and 

piezometer studies. 

To determine the nature and extent of the VOCs at the Site, soil borings and monitoring 

wells were installed for sampling of soil gas, soil and groundwater. Fifty monitoring wells 

were installed within the shallow, middle, lower and bedrock portions of the aquifer(s) 

during a two phase drilling program from September 1986 through December 1987. 

Other samples including surface water and sediment were collected from the on-Site 

wetlands to establish the effects of Site activities upon the surface features. 

Multiple short duration pumping tests were completed by pumping both the South Well 

and on-Site extraction well EX-1.  The data collected during the tests were analyzed 

using the curve matching methods developed by Neuman. Based on the data reduction, 

the results indicate the transmissivities and hydraulic conductivities are highly variable 

across the Site and the aquifer behaves as an unconfined aquifer with partial 

confinement in localized areas. 
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These initial investigations (as they relate to the focus of this groundwater FFS) 

determined that the highest concentrations of the Site VOCs which include 

tetrachloroethene (PCE), trichloroethene (TCE) and 1,1,1-trichloroethane (1,1,1-TCA), 

were present at the northeast corner of the manufacturing facility (GZH-4 well cluster) 

and the immediately downgradient wells EM-B1 and the GZ-104 well cluster. Vadose 

zone soil in this area contained the highest concentrations of PCE, indicating the area 

near the GZH-4 well cluster was a potential source area, though the actual release 

mechanism was not known. 

High concentrations of VOCs (in soil and groundwater) were also noted near the GZ-105 

well cluster; the origin of these VOCs was related to possible surface releases and/or 

discharge associated with Outfall 002. 

1.2.3.3 Pre-Design Report (1991) 
In support of the design and engineering that addressed the ROD and selected remedy, 

extensive drilling, hydrologic testing and pilot testing were conducted and summarized in 

the “Pre-Design Report for the South Municipal Water Supply Well Superfund Site” 

published by Hull in December 1991. 

Field testing done in support of the engineering design included multiple pumping tests 

and slug tests on on-Site extraction and monitoring wells. Furthermore, many soil boring 

and wells were installed during the Pre-Design from which numerous soil samples were 

collected for geotechnical and sieve analysis. The field work done in support of the 

engineering design provided in-depth evaluation of the Site geology and hydrology.  The 

technical variables such as hydraulic conductivity, aquifer characteristic, flow regimes 

and stratigraphic profiles identified during this phase of Site’s remedy have been 

retained and used when necessary to aid in the evaluation of the remedial scenarios 

presented in this groundwater FFS. 

1.2.3.4 Source Area Delineation (2006-2007) 
NHBB implemented an extensive source area investigation through use of vertical 

groundwater profiling from December 2006 through February 2007.  Thirty-six vertical 

profiling points were installed to define the vertical and horizontal extent of VOCs in 

groundwater. The investigation focused on the suspected source areas identified in the 
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RI, including former outfalls 002 (the GZ-105 cluster) and 003A (the GZH-4 cluster).  The 

investigation encompassed the on-property area located between the northwest portion 

of the plant and the western limits of the wetlands.  The results of the field work 

demonstrated that very high concentrations of VOCs in groundwater as well as free 

phase DNAPL are found proximate to and beneath the northwest corner of the building 

near the GZH-4 well cluster (i.e., near former Outfall 003A). The plume originating at 

this source extends east/southeast. It is believed that the distributions of the very high 

VOC concentrations (>10,000 ug/L) are likely attributed with advective flow within the 

former channel of an historic un-named tributary before the VOC penetrated downward 

into the aquifer under the influence of gravity, then dispersed laterally by dissolution and 

diffusion. The dissolved plume is generally elongated in an east/northeast trend created 

by VOC dissolution associated with groundwater flow. 

The results of the investigation defined the targeted source areas to the project action 

levels in all directions except to the north of the NHBB property.  One investigation point, 

VP-17, which served to define the northern extent of VOCs detected in the GZ-104 well 

cluster, exhibited VOC concentrations in excess of the project action levels at the 

northern property boundary. The results of the investigation are summarized in the 

“Source Area Delineation Summary Report” published by Hull in November 2007. 

1.2.3.5 FFS Field Work and Supplemental Testing (2008) 
Supplemental soil and groundwater samples were collected in April 2008 concurrent with 

efforts to collect additional VOC delineation data (discussed below). The soil and 

groundwater samples were sent to selected remedial vendors, contracted specifically to 

perform bench scale treatability testing.  In addition to the samples collected for bench 

testing, soil and groundwater samples were collected and submitted for limited 

geochemical testing to provide supplemental data to remedial vendors allowing them to 

better calibrate their costing models to Site specific conditions. These supplemental 

data as well as the conclusions of the bench scale testing are discussed in further detail 

in Section 3.0. 

1.2.3.5.1 Vertical Groundwater Profiling and VOC Distribution Proximate to VP-17 
To better understand the distribution of VOCs to the north of VP-17, additional 

groundwater profiling points were advanced proximate to VP-17 on NHBB property as 

well as off-property north of the GZ-104 well cluster. The scope of work for these 
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investigations was outlined in the “Work Plan for Groundwater Focused Feasibility 

Study” (Hull, March 2008). The overall level of effort to define the off-property VOCs 

increased from the three points identified in the Work Plan, to the installation of eight 

points during the field work (VP-37 through VP-44). 

The intent of the supplemental FFS vertical profiling points was to define the area of 

VOC impact to the north of the NHBB facility.  The FFS supplemental vertical profiling 

points (VP-17 hot spot), installed in May 2008, were advanced similar to the delineation 

investigation points installed during the on-property Source Area Delineation field work. 

The April 2008 investigation was performed by Pine & Swallow Environmental. A report 

describing equipment and procedures for Microwell® installation and sampling and 

mobile laboratory analysis of groundwater samples is provided in Appendix A. 

Figures 4 and 5 identify the sampling locations of investigation points installed during the 

source delineation field work and the subsequent field work completed in support of the 

FFS. 

Table 1 provides a summary of the VOC analytical results for the FFS delineation field 

work associated with the VP-17 hot spot. Appendices B through D contain 

isoconcentration maps of the VP-17 hot spot for PCE, TCE and 1,1,1-TCA 

(respectively). Appendix E contains isoconcentration maps prepared using Total VOCs 

concentrations detected in each sample. The isoconcentration maps were prepared 

using the data from the FFS supplemental source investigation. The series of maps 

contained within each appendix provide the plan view of the off-property plume as one 

proceeds downward within the aquifer at five-foot intervals. 

The information collected via supplemental vertical profiling activities provides the 

boundaries (based on project action levels) of vertical and horizontal VOC distribution 

off-property. 

The objective of the supplemental profiling activities was to refine the delineation of 

VOCs off-property; release mechanisms for the source area were indeterminable. The 

delineated area (and volume) of off-property VOCs has been incorporated into FFS 

evaluations of treatment scenarios. 
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The criterion used to consider of the presence of residual DNAPL with respect to the 

source area evaluation (Hull, November 2007) was used to evaluate the supplemental 

delineation data for the VP-17 hot-spot.  In the source area evaluation, the presence of 

residual DNAPL is suspect if total VOC concentrations exceed the 1% effective solubility 

calculated for the Site (based on the calculations presented in the Source Area 

Delineation Summary Report). In general, total VOC concentrations in excess of 7,500 

ug/L are greater than the 1% of the calculated effective solubility suggesting proximity to 

residual DNAPL. As the concentration of total VOCs within the VP-17 hot spot contain 

VOC concentrations in excess of 7,500, approaching 26,000 ug/L, the presence of 

residual DNAPL is suspected in the VP-17 hot spot. For the purpose of the evaluations 

considered herein, DNAPL is suspected to be present in general proximity of sampling 

locations in areas which contain groundwater concentration of total VOCs greater than 

10, 000 ug/L. 

1.2.3.6  Summary of Previous Investigations 
Previous studies at the Site have focused on assessing degree and distribution of VOC 

impact in groundwater. These studies have found that: 

1. 	 Elevated concentrations of dissolved phase VOCs and DNAPL are 
present near the northeast corner of the manufacturing facility near the 
GZH-4 well cluster; 

2. 	 Elevated concentrations of dissolved phase VOCs are present in the 
groundwater beneath the manufacturing facility; 

3. 	 Elevated concentrations of VOCs in sub-slab soil vapor are present 
beneath the manufacturing facility; 

4. 	 Elevated VOC concentrations exist between the manufacturing facility 
and the wetlands. Concentrations detected in the MW-9 well cluster 
demonstrate that the VOCs are present beneath the wetlands; 

5. 	 Elevated VOC concentrations are present north of the NHBB property, 
proximate to the GZ-104 well cluster (i.e., VP-17 hotspot); 

6. 	 Elevated VOCs exist near the GZ-105 well cluster; 

7. 	 Elevated VOCs are distributed through the entire vertical thickness of the 
aquifer; however, the highest concentrations are found within the upper 
30 ft. of aquifer saturation; and 

8. 	 Low concentrations of VOCs are east of Rt. 202, near the South Well. 
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1.3 Nature and Extent of Groundwater Contamination 
1.3.1 Identification of VOC Sources 
Anthropogenic contamination in groundwater at the South Well has been attributed primarily to 

discharges of spent solvents associated with former outfalls; however, contributions of VOCs 

are likely associated with maintenance activities (e.g., floor washing), disposal practices and 

storage vessel breaches at the NHBB facility.  Locations of suspected VOC source areas were 

established based on past facility operations, infrastructure and manufacturing processes. 

Between 1956 and 1991 the facility used a variety of chlorinated solvents including PCE, TCE 

and 1,1,1-TCA, either singularly or as mixtures and primarily for parts washing and degreasing 

operations. 

1.3.2 VOC Distributions 
Throughout the history of the Site, groundwater samples collected from Site wells have detected 

all three degreasing solvents. However, PCE has been and continues to be the most frequently 

detected VOC as well as the most highly concentrated, particularly in the areas investigated for 

the source area work. DNAPL has historically been observed near the GZH-4 well cluster by 

both EMTEK and Hull; the most recent detections were confirmed concurrent with the source 

area field work.  A sample of the DNAPL was collected and analyzed confirming its composition 

as PCE. 

Section 3 of the “Source Area Delineation Summary Report” (Hull, November 2007) provides 

detailed discussion of the VOC distribution as revealed by the field work and sampling results. 

The distributions described from the source area work and the isoconcentrations prepared from 

the source area data provide the basis for the conceptual treatment scenarios identified in this 

FFS. Furthermore, the supplemental profiling data have been used to further define treatment 

volumes for the off-property plume. 

Based on the analytical data, the frequency of detections as well as the concentrations, PCE is 

considered the main component of the plume, though elevated concentrations of TCE and 

1,1,1-TCA are also present. In general, the upper 30 ft. of saturated aquifer contains the 

highest concentrations (>10,000 ug/L) of VOCs and in some areas, residual DNAPL.  These 

high concentrations are primarily associated with silty-sand soils and the immediate underlying 

sand deposits. 
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Groundwater flow is generally to the east/northeast. As groundwater passes through these 

areas containing residual product, dissolution of the VOCs take place elongating the plume with 

the direction of groundwater flow. The source area work identified a southeastern distribution 

component of VOCs which has been attributed to advective flow within a former tributary bed, 

prior to penetration downward into the aquifer by gravity. Modeling efforts suggest that the 

distributions (both the off-property VOCs and the southeasterly trending high concentrations), 

may be related to bifurcation of the plume caused treatment system discharge point at the 

wetlands. 

1.3.3 Summary of VOCs of Concern 
Review of historic data and the source delineation data indicates that PCE, including PCE 

DNAPL, is the primary contaminant of concern (COC) at the Site in both concentration and 

distribution and, based on the its physical characteristics, is the driver for the remediation. TCE 

and 1,1,1-TCA are found within the PCE-dominated plumes and, based on their distributions 

coincident with PCE, will be addressed in the remedial options.  Other potential COCs include 

the daughter products of PCE such as cis and trans 1,1-dichloroethene (1,1-DCE) and vinyl 

chloride (VC), which can be generated as intermediaries with some of the source reduction 

technologies. Currently, these constituents do not play a major role in the make-up of the 

plume. 

1.4 VOC Fate and Transport 
1.4.1 Environmental Behavior of Chlorinated Solvents 
Environmental fate and transport of chlorinated solvents are dependent upon factors that affect 

absorption and retardation of the VOCs such as total organic carbon content, heterogeneity, 

microscale laminae, fracturing and bedding planes.  The low aqueous solubilities and 

complexity of the movement and entrapment due to aquifer heterogeneity cause DNAPLS to 

persist as long term sources of contamination. 

As a result of their chemical properties such as low aqueous solubilities, low Henry’s law 

constants and densities, chlorinated solvent DNAPLs move through the subsurface and partition 

into various phases including soil gas, dissolved in groundwater, partitioned as a independent 

liquid (DNAPL). The movement of the DNAPLs within the subsurface creates complex 

distribution patterns which are not necessarily dictated by predominate flow characteristic within 

the aquifer. Transport principals including saturation, gravity, interfacial tension, wettability, 
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capillary pressure, residual saturation, permeability, vapor pressure and viscosity govern 

migration of DNAPLS within the subsurface (Cohen, 1993). 

Figure 6 presents a site conceptual exposure model for exposure risks by completed or 

potentially completed pathways given the current VOC distributions. 

1.4.2 Potential Routes of Migration 
1.4.2.1 Volatilization 
Investigation points for both groundwater and sub-slab soil vapor indicate high 

concentrations of groundwater and soil vapor are present beneath the northeast corner 

of the manufacturing facility.  Sub-slab vapor sample analytical results were compared to 

the screening values published in the 2006 NHDES Vapor Intrusion Guidance. 

Concentrations of VOCs in the vapors samples exceed the published commercial 

screening values. This indicates the potential for exposure to VOCs volatilizing from soil 

or groundwater to indoor air. 

Concentrations of PCE; TCE; 1,1,-dichloroethene (1,1-DCE); and 1,1,1-trichloroethane 

(1,1,1-TCA) in vapor samples collected from beneath the building are greater than the 

screening guidelines and the reporting limit for VC is greater than the screening value. 

Methylene chloride was also detected at concentrations greater than screening levels in 

samples from SSV-1, SSV-3, SSV-7, and SSV-8; however, these detections are 

believed to be a result of laboratory contamination as opposed to Site detections due to 

its absence in groundwater samples. 

Preliminary screening for vapor intrusion using multiple years of groundwater analytical 

results for structures located toward the leading edge of the plume do not indicate an 

unacceptable risk for vapor intrusion in this portion of the plume. The results of the 

screening process were presented to USEPA and NHDES under separate cover in the 

“Vapor Intrusion Screening and Work Plan Letter for Indoor Air Sampling Strategy; South 

Municipal Water Supply Well Superfund Site” (Hull, September 2008, revised November 

2008). Subsequent evaluations and discussion between USEPA, NHDES, and NHBB 

have determined additional investigation with respect to indoor air quality at the leading 

edge of the plume is required for both the residence and commercial structure. An 

addendum to the above-reference work plan was submitted to the Agencies in July 

2009, “Addendum to the Work Plan Letter for Vapor Intrusion Screening at the 

HULL & ASSOCIATES, INC. 19 SEPTEMBER 2009 

MASON, OHIO NHB034.200.0020 




  

  

 

 

 

 

 

 

 

 

Residence and Staff Development for Educators (SDE) Building; South Municipal Water 

Supply Well Superfund Site” (Hull document NHB033.200.0077). The scope of 

assessment activities outlined in both documents includes:  indoor air sampling with the 

NHBB facility, indoor air sampling within the SDE building and the installation of three 

shallow piezometers proximate to the downgradient residence to evaluate groundwater 

quality beneath the structure compared to non-truncated screening numbers prepared 

by USEPA. These field activities are tentatively scheduled for September 2009. 

1.4.2.2    Groundwater 
Groundwater in the unconfined aquifer at and surrounding the Site has been and is 

considered a future drinking water source for the Town of Peterborough.  Currently the 

pathway for exposure to VOCs from ingestion of groundwater is incomplete, as the 

South Well has been deactivated since 1982. Furthermore, a groundwater overlay 

district included in the Town zoning provided additional protections against ingestion by 

prohibiting groundwater use near the Site.  The overlay district has been inadvertently 

omitted from the Town zoning, causing increased risk with respect to groundwater use; 

however, NHBB and the Town will work to reinstate the overlay district. 

Groundwater containing the highest concentrations of dissolved VOCs and residual 

DNAPL is located on the NHBB property near the northeast corner of the manufacturing 

building. Groundwater flow under static conditions passes through the source area, 

causing continuous VOC flux into the groundwater plume.  Without operation of the 

containment system, the plume would migrate to the northeast and eventually discharge 

into the Contoocook River. The operation of the containment system and on-Site interim 

remedial wells mitigates the migration of the plume toward the east.  We understand 

from the results of the South Well pumping test that operation of the South Well places 

stresses on the containment system, resulting in a reduction in the capture zone. 

Although poorly defined with regard to mechanism, operation of the South Well caused 

VOC detections in wells proximate to the South Well.  These VOCs may have deflected 

north of the containment area due to the reduction in capture or they may have been 

pulled directly south from the leading edge of the plume. 

Historic aquifer testing demonstrates that the unconsolidated aquifer has substantial 

lateral variation in horizontal hydraulic conductivity correlating to aquifer heterogeneity. 

Additionally, testing demonstrates a high degree of hydraulic anisotropy across the Site. 
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Vertical hydraulic conductivities are generally low relative to radial hydraulic 

conductivities, indicating lateral flow components predominate at the Site. However, 

vertical flow components, as determined by head comparisons, are present between the 

unconsolidated aquifer and the bedrock aquifer. In the eastern/northeastern portions of 

the Site (east of Sharon Road) groundwater flow is generally from the unconsolidated 

aquifer to the bedrock, whereas upward flow exits across the rest of the Site.  The 

bedrock behaves as a leaky confined aquifer, where confinement is primarily provided 

by glacial till (Unit 1 as described in the Pre-Design Report) at the base of the 

unconsolidated deposits. 

1.4.2.3 Exchange with Surface Water 
The extensive surface water system appears to be directly interconnected with the 

unconsolidated deposits based on head distributions in wells set within or proximate to 

the surface water bodies.  Vertical flow within the unconsolidated aquifer indicates the 

sedge wetlands usually recharge the aquifer and the river is recharged by the aquifer 

north of Outfall 009 (one of two discharge points for groundwater treated at the GWTP; 

the other location is at the wetlands).  Conversely, the river discharges to the aquifer 

south of the outfall.  Undefined seasonal variation in the losing or gaining status of 

groundwater at the sedge wetlands and the river may exist. 

Interaction between the surface water bodies, particularly the wetlands and the aquifer, 

is included in the bench scale report discussed in Section 3.3.2.6.1. 

Low concentrations of VOCs were historically detected in surface water samples 

collected from the sedge wetlands during the RI.  The source(s) of the VOCs found in 

wetlands surface water was unknown and could be attributable to outfall discharges, 

surface water runoff, discharge of groundwater to the wetlands or via VOCs leaching 

from soils proximate to the GZ-105 cluster into the wetlands. Although it is possible that 

the presence of VOCs in surface water was a result of groundwater discharge, 

potentiometric surface data at the time of the Pre-Design indicated the wetlands were an 

area of discharge to the aquifer. Surface water restoration was not specifically 

addressed in the RI/FS or ROD, but the selected remedies would indirectly restore the 

water quality of the wetlands. 
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2.0 DEVELOPMENT OF REMEDIAL ACTION OBJECTIVES
 

2.1 	 Introduction and Description of Evaluation Process 
The overall objective of the CERCLA FS process is to gather information sufficient to support an 

informed risk management decision regarding the most appropriate remedial alternative for a 

site. In accordance with SARA, emphasis is to be placed on remedial technologies that reduce 

the toxicity, mobility, and volume of wastes and contaminated materials.  In addition, SARA 

requires USEPA to select a remedy that utilizes permanent solutions, alternative treatment 

technologies, or resource recovery techniques to the maximum extent practicable. 

This report follows the general organizational format presented in the RI/FS Guidance (USEPA, 

1988a). This FFS report is organized to follow the three phases of the FS process:  the 

development of remedial alternatives, the screening of remedial alternatives and the detail 

analysis of remedial alternatives (either singularly or in concert) to meet the remedial objectives. 

A review of applicable or relevant and appropriate federal and state environmental and public 

health requirements (ARARs) for remedial actions is presented in Section 2.2 which support the 

development of Remedial Action Objectives (RAO) outlined in Section 2.3. The RAOs are 

ultimately used to identify General Response Actions (GRAs), discussed in Section 2.4. The 

specific remedial technologies related to each GRA for source areas and groundwater plume 

management contained in Sections 2.5 that, when implemented, should meet the RAOs. 

Specific process options representing each of the remedial technologies are identified and 

screened with respect to effectiveness, implementability and cost (Section 3.0). Those remedial 

technologies/process options that are retained will ultimately form the basis for the development 

of comprehensive treatment scenarios (CTS) for the Site. 

2.2 	 Applicable or Relevant and Appropriate Environmental and Public Health 
Requirements 

Remedial actions at Superfund sites must attain a level of cleanup which, at a minimum, 

ensures protection of human health and the environment and complies with the legally 

applicable or relevant and appropriate requirements (ARARs) as specified by Section 121 

(d)(2)(A) of the Comprehensive Environmental Response and Compensation Liability Act 

(CERCLA). In recognition of the unique characteristics and circumstances associated with 

remediation of individual sites, neither Superfund Amendments and Reauthorization Act (SARA) 
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nor the National Contingency Plan (NCP) provide specific standards for the determination of 

whether a particular remedy provides sufficient cleanup at a given site. 

Applicable requirements are defined as those cleanup standards, standards of control, and 

other substantive requirements, criteria, or limitations promulgated under federal/state 

environmental or facility siting laws that specifically address a hazardous substance, pollutant, 

contaminant, remedial action, location, or other circumstances found at a CERCLA site.  In 

general, only the substantive portions of an ARAR need to be adhered to for on-site activities. 

Administrative portions of an ARAR (e.g., permitting) for on-site activities are not generally 

required. CERCLA also requires that state ARARs (i.e., legal ARARs for the State of New 

Hampshire) must be met if the ARARs are more stringent than federal ARARs. 

Relevant and appropriate requirements are those substantive environmental protection 

requirements, promulgated under federal and/or state law, that while not jurisdictionally 

applicable, address problems or situations sufficiently similar to those encountered at the 

CERCLA site, that their use is well suited to the particular site.  ARARs must be identified on a 

site-specific, case-by-case basis.   

In some instances, a requirement may not be applicable as a matter of law, but may still be 

relevant and appropriate. Relevant and appropriate requirements are those clean-up standards, 

standards of control, and other substantive environmental protection requirements, criteria, or 

limitations promulgated under federal or state law that, while not “applicable” to a hazardous 

substance, pollutant, contaminant, remedial action, location or other circumstance at a CERCLA 

site, address problems or situations sufficiently similar to those encountered at the CERCLA site 

that their use is well suited to the particular site (USEPA, 1988b). 

Compliance with ARARs is mandated under SARA, unless a waiver for compliance with the 

ARARs is justified by site-specific conditions.  CERCLA Section 121(d)(4) identifies six 

circumstances under which ARARs may be waived: 

1. 	 The remedial action selected is only part of a total remedial action that will attain 
such level or standard of control when completed. 

2. 	 Compliance with such requirement at that facility will result in greater risk to 
human health and the environment than alternative options. 

3. 	 Compliance with such requirements is technically impracticable from an 
engineering perspective. 
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4. 	 The remedial action selected will attain a standard of performance that is 
equivalent to that required under the otherwise applicable standard, requirement, 
criteria, or limitation, through use of another method or approach. 

5. 	 With respect to a State standard, requirement, criteria, or limitation, the State has 
not consistently applied (or demonstrated the intention to consistently apply) the 
standard, requirement, criteria, or limitation in similar circumstances at other 
remedial actions within the State. 

6. 	 In the case of a remedial action to be undertaken solely under Section 104 using 
the Fund, selection of a remedial action that attains such level or standard of 
control will not provide a balance between the need for protection of public health 
and welfare and the environment at the facility under consideration, and the 
availability of amounts from the Fund to respond to other sites which present or 
may present a threat to public health or welfare or the environment, taking into 
consideration the relative immediacy of such threats. 

The determination of whether some regulatory requirement that may be followed when 

performing a specific action, working at a particular type of location, or when remedying a 

particular chemical involved in a remedial action alternative or CTS is an ARAR depends on the 

specific facts of a site and the particular remedial alternative.  Thus, if changes occur in the 

remedial action alternative or CTS during the process of finalizing the FFS, and ultimately the 

ROD, the determination of whether a regulatory requirement is or is not an ARAR may change. 

In fact the determination may change based on use of different design details of a remedial 

action alternative. 

CERCLA only requires compliance with substantive requirements such as chemical 

concentrations, monitoring requirements, or design and operating standards for remedial 

systems, waste management units, etc., for on-Site actions. Administrative requirements, such 

as permits, reports, and records are not required for on-Site activities but are required for off-

Site activities (i.e., transporting and disposing of waste materials). 

In general, ARARs are grouped into three categories including: 

1. 	location-specific; 

2. 	chemical-specific; and 

3. 	action-specific. 
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The following subsections contain detailed discussions of selected ARARs that were considered 

for the Site as well as to be considered (TBC) criteria. 

2.2.1 Location-Specific ARARs 
Location-specific ARARs generally restrict certain activities or limits concentrations of 

hazardous substances solely because of geographical or land use concerns (USEPA, 1992). 

2.2.1.1 Wetland and Floodplain ARARs 
Section 404 of the Clean Water Act (CWA) regulates the discharge of materials to 

surface waters of the U.S. Since most wetlands are considered surface waters, any 

discharge of materials to the wetlands present at the Site would be regulated under this 

section of the CWA.  Discharge of material includes the movement of soil or sediment 

during excavation typically associated with tracked and wheeled vehicles. As a result, 

most excavation activities would be subject to Section 404.  Section 401 of the CWA 

provides similar authority to the State through the Water Quality Certification process, 

which regulates activities that will result in adverse effects to water quality in wetlands 

and other surface waters. Other documents to be considered within the Section 401 

program include any Total Maximum Daily Load studies that have been performed on 

receiving waters. 

In addition to these two sections of the CWA, two Federal Executive Orders (EO) require 

floodplain and wetland areas to be protected from unnecessary adverse impacts.  EO 

11988 addresses floodplain management and requires federal agencies to “…restore 

and preserve the natural beneficial values served by floodplains…” EO 11990 

addresses protection of wetland and requires federal agencies to “…minimize the 

destruction, loss or degradation of wetlands, and to preserve and enhance the natural 

and beneficial values of wetlands…” While these EOs apply to federally funded projects 

and not to federally required permits, they do require federal agencies to comply with the 

EO in “conducting activities and programs affecting land use…” 

These regulations will need to be considered as location-specific ARARs in the 

development and selection of appropriate remediation strategies since the project Site 

contains a classified wetlands and a floodplain area. Section 404 of the CWA 

requirements also contains action-specific ARARs that apply to all alternatives that 

include excavation and/or filling in or proximate to wetland areas. 
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Other guidance to be considered in Section 404 is the Clean Water Act Jurisdiction 

guidance document prepared by USEPA and the Department of the Army, dated June 5, 

2007. 

2.2.1.2 Threatened and Endangered or Protected Species ARARs 
The Endangered Species Act (ESA) was enacted in 1973 and amended through 1988 

with the purpose of conserving endangered and threatened plants and animals and the 

ecosystems upon which they depend. Federal agencies are directed by the Act to use 

their authority to further the purpose and goals of the ESA.  In Section 7 of the Act, 

interagency consultation and coordination among federal agencies and or federally 

funded projects is required. 

The New Hampshire Fish and Game Department's Nongame and Endangered Wildlife 

Program is responsible for the protection and conservation of the state's nongame 

wildlife. The Nongame Program protects over 400 species of mammals, birds, reptiles, 

amphibians, as well as insects and other invertebrates through wildlife monitoring and 

management programs and community outreach and education.  The program works in 

cooperation with other New Hampshire wildlife agencies and organizations to develop 

and implement conservation strategies that protect the diverse group of wildlife found in 

New Hampshire. 

The New Hampshire Natural Heritage Bureau Division of Forest and Lands indicates 

one state-listed endangered bird species of very high importance has been reported in 

Peterborough. This bird is the Pied-billed Grebe. Similarly, though not listed as 

endangered or threatened species, the Bureau documents the wood turtle and banded 

sunfish, both identified in Peterborough, as extremely important species or communities. 

Historically endangered plant species include the hog-peanut and three-seeded 

mercury. Historically threatened plant species include ginseng and green adder’s 

mouth. 
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2.2.2 Chemical-Specific ARARs 
Chemical-specific ARARs are usually health-based numerical values that establish the 

acceptable amount or concentration of a chemical that may remain in or be discharged to the 

environment (USEPA, 1992). Select chemical-specific ARARs are discussed below: 

2.2.2.1 Safe Drinking Water Act and NHDES Ambient Groundwater Standards 
Groundwater beneath the Site has been and may be a future source of drinking water for 

the Town of Peterborough. New Hampshire Department of Environmental Services 

(NHDES) Env-Dw 901.04 classifies groundwater as a known or potential drinking water 

supply for public water systems as GAA. The maximum contaminant levels (MCLs) 

established under the Safe Drinking Water Act are generally applicable and or relevant 

and appropriate clean-up standards for GAA groundwater.  However, the 1997 Technical 

Impracticability waiver (TI waiver) established that water beneath the NHBB property can 

exceed drinking water MCLs, but that the cleanup standard must be maintained for 

groundwaters outside of the TI waiver boundary.  The downgradient TI waiver boundary 

as established in the 1997 ESD is roughly coincident with the northern and eastern 

property lines of the NHBB facility. Known VOCs that do not have established MCLs 

under the Safe Drinking Water Act (SDWA), such as 1,1-DCA and 1,4-Dioxane, should 

meet NHDES Ambient Groundwater Standards (AGWS).  These clean-up criteria apply 

for the areas outside the TI waiver boundary and included the area proximate to and 

including the South Well. 

2.2.2.2 National Pollutants Elimination Discharge Systems (NPDES) 
Chemical–specific ARARs apply to remedial options which include the discharge of 

treated groundwater (and/or condensate) to surface water bodies.  Surface water 

discharges, whether to the wetlands or Contoocook River, must be in accordance with 

the substantive requirements set forth under the National Pollutants Eliminations 

Discharge System (NPDES) permit programs.  Region 1 implements the NPDES 

program requirements for New Hampshire. 

The CWA provides guidance and requirements for State and other authorities (i.e., 

Tribes) to set ambient water quality criteria (WQC) for surface water bodies based on 

use classifications and the criteria developed under Section 304(a) of the CWA. WQC 

may be ARARs if surface water discharge is to be compliant with state permitting 

requirements. WQC under the CWA action limits are considered TBC criteria and are 
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not ARARs because discharges from remedial operations would comply with the permit 

limitations established under the federal permitting requirements. 

2.2.3 Action-Specific ARARs 
Action-specific ARARs are restrictions on the conduct of certain activities or the operations of 

certain technologies at a particular site (USEPA 1992). Select action-specific ARARs are 

discussed below: 

2.2.3.1 Federal Resource Conservation and Recovery Act (RCRA) Requirements 
RCRA serves as the basis for development of technology-based requirements governing 

the identification and listing, storage, transportation, and disposal of hazardous wastes 

at active or proposed hazardous waste facilities (generators, transporters, storage or 

disposal facilities). RCRA requirements include groundwater protection; landfill 

permitting, design, and performance standards; and standards for waste piles and 

surface impoundments. 

For this project, potential action-specific ARARs under RCRA relate primarily to the off-

Site disposal of VOC-contaminated environmental media to the extent that 

concentrations of PCE and/or TCE in the environmental media (trench spoils, drill 

cuttings, etc.) are at concentrations that exhibit hazardous characteristics. More 

specifically, if concentrations of PCE or TCE exceed 0.7 and 0.5 ppm (respectively) in 

the extract from a Toxicity Characteristic Leaching Procedure (TCLP) test, the impacted 

media will be treated as a characteristic hazardous waste (i.e., D039 and D040). 

Environmental media at the Site also has the potential of containing listed hazardous 

waste (i.e., F001). Specifically, 40 Code of Federal Regulation (CFR) 261 (Identification 

and Listing of Hazardous Waste), 40 CFR 262 (Standards Applicable to Generators of 

Hazardous Waste), 40 CFR 263 (Standards Applicable to Transporters of Hazardous 

Waste) and 40 CFR 268 (Land Disposal Restrictions) may apply to removal, storage, 

and transportation of contaminated media from the Site (subject to results of TCLP 

testing). In addition, certain provisions of 40 CFR 264 (Standards for Owners and 

Operators of Hazardous Waste Treatment, Storage, and Disposal Facilities) and 40 CFR 

270 (USEPA-Administered Permit Programs: the Hazardous Waste Permit Program) 

would apply to any selected off-Site disposal facilities where materials exhibiting 

hazardous characteristics under RCRA are taken. The provisions of 40 CFR 261, 262, 

264, and 268 would also impact certain on-Site remedial technologies. 
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2.2.3.2 RCRA Land Ban Regulations 
The requirements of 40 CFR 268 [the Land Disposal Regulations (LDR)] are of particular 

relevance to implementation of remedial alternatives at hazardous waste sites.  The 

November 8, 1984 Hazardous and Solid Waste Amendments (HSWA) to RCRA serve 

as the basis for the LDRs. 

The LDR (often referred to as the “Land Ban”) prohibits land disposal of regulated 

wastes that have been classified as RCRA listed hazardous wastes (in accordance with 

40 CFR 261) or as RCRA characteristic wastes. 

The first consideration in reviewing applicability of the LDRs at the Site is to determine if 

the VOC-containing waste (sludges, liquids and/or free phase liquids) or environmental 

media (soil) are contaminated with any RCRA listed wastes.  Potential sludges, liquids or 

free phase DNAPL generated from the processes of a particular remedial technology 

would be classified as a listed waste (F001) and would be disposed as such. 

Review of the RCRA listed wastes indicates that environmental media generated during 

remedial actions within the source has the potential to be impacted by a listed 

hazardous waste (F001). Furthermore, environmental media may be classified as 

containing a characteristic hazardous waste.  If TCLP analyses reflect PCE and TCE 

concentrations greater than 0.7 and 0.5 mg/L respectively in the extract, the soil would 

exhibit hazardous characteristics (toxicity) and would be subject to the LDRs and RCRA 

hazardous waste management practices until it is treated to a level where it no longer 

exhibits RCRA toxic characteristics. If TCLP analyses reflect concentrations less than 

0.7 and 0.5 mg/L for PCE and TCE in the extract, the soil would not exhibit RCRA 

characteristics, and thus would not be subject to LDRs. Rather, best management 

practices (BMP), as dictated or approved by the USEPA Remedial Project Manager, 

would apply. 

Land Ban considerations may affect all off-Site disposal options and may impact certain 

on-site remedial technologies. Under current USEPA policy, land disposal restrictions 

would only be triggered when hazardous wastes or soil, sediment, or debris exhibiting 

hazardous characteristics are “placed” in a land disposal unit (40 CFR 264). 
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“Placement,” as interpreted from the 1989b USEPA Fact Sheet #5, as it applies to the 

Site, is defined as: 

1. 	 Depositing contaminated media exhibiting hazardous characteristics in a 
land disposal unit for the first time. 

2. 	 Removing contaminated media exhibiting hazardous characteristics from 
one unit and depositing them in another unit with or without intermediate 
treatment. 

3. 	 Removing contaminated media exhibiting hazardous characteristics from 
land disposal unit, treating, and re-depositing it in the same unit. 

Under these circumstances remedial actions that include excavation, on-site treatment, 

and on-site disposal would not be subject to LDRs.  Actions that did not provide for 

treatment prior to on-site disposal would be subject to the LDRs.  The LDRs are 

triggered once material is excavated from its original location and moved outside the 

defined Area of Concern (AOC).  Therefore, placement of excavated material (spoils or 

cuttings) outside the AOC in a land disposal unit, including off-Site disposal, would 

require implementation of LDRs (for contaminated media that exhibits RCRA 

characteristics). However, USEPA has concluded that soil and waste can be 

consolidated on-Site without triggering the LDR or other hazardous waste rules…within 

an AOC [area of contamination] …without triggering” the RCRA hazardous waste rules” 

(USEPA 1998); therefore, it can be determined that mere movement or soil wastes 

within an area of contamination does not generate hazardous waste and therefore the 

LDR does not apply. 

2.2.3.3 State Hazardous Waste Laws 
NHDES through the Hazardous Waste Program retains responsibility for implementation 

of the HSWA requirements of RCRA in New Hampshire. To the extent that remedial 

action at the Site involves the management of any contaminated waste or media (e.g., 

soil) that is classified as hazardous waste under RCRA, such materials management will 

be performed in accordance with the New Hampshire Revised Statues Annotated 

(RSAs) 147-A:1-20 (Code of New Hampshire, Title X, Public Health, Chapter 147-A— 

Hazardous Wastes Management). The legislation is administered by NHDES through 

the Hazardous Waste Program Rules (Env-Wm 100 through 1000). 
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2.2.3.4 Federal Ambient Water Quality Criteria 
The Federal Water Pollution Control Act, as amended by the Clean Water Act of 1977 

and the Water Quality Act of 1987, was enacted to ”…restore and maintain the chemical, 

physical, and biological integrity of the Nation’s waters.” 

Federal ambient water quality criteria documents currently have been published for 

pollutants listed as toxic under CWA. These criteria are guidelines that may be used by 

states to set surface water quality standards. Under SARA, remedial actions must attain 

a level of standard of control equivalent to these criteria unless a waiver has been 

granted. 

The water quality criteria are generally listed in categories representative of differing 

surface water use designations. Concentrations represent the maximum level of a VOC 

that, if not exceeded, should protect most aquatic life against acute and chronic toxicity. 

CWA also authorizes establishment of the NPDES. NPDES regulates direct discharges 

of pollutants into navigable waterways.  All discharges are subject to NPDES permits, 

which set limits on water quality of discharges based on the provisions of Sections 301, 

303, and 307 of the CWA. If remedial activities at the Site result in waste streams to be 

discharged to surface waters, NPDES consideration would apply. 

2.2.3.5 State Groundwater Quality Standards 
Ambient Ground Water Quality Standards (AGWQs) are contained in the New 

Hampshire Administrative Code, Department of Environmental Services, Water 

Division—Env-Or 603.03 and are authorized through the New Hampshire Revised 

Statutes Annotated (RSA 485-C:6). These groundwater water quality criteria are used 

as a basis for standards of quality for state waters and as a guide for determining waste 

treatment requirements prior to mixing with receiving water.  The AGWQs are the 

discharge criteria for groundwater discharge permits issued under RSA 485-A:13. 

2.2.3.6 State and National Air Quality Standards 
In response to the Clean Air Act (CAA) of 1971 and subsequent amendments, USEPA 

has established National Ambient Air Quality Standards (NAAQS). NAAQS applicable to 

this project are for particulate matter (PM).  For PM10 a concentration of 150 µg/m3 in a 

24-hour period cannot be exceeded more than once per year.  For PM2.5 a concentration 
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of 35 µg/m3 in a 24-hour period cannot be exceeded more than once per year with an 

annual geometric mean concentration of no more than 15 µg/m3 in a 24-hour period. 

Generation of particulate matter may be a concern for construction projects which 

generate dust from paved or unpaved roads, excavation activities or the emissions of 

heavy equipment. 

In addition to the NAAQS, pursuant to Section 112 of the Federal Clean Air Act, USEPA 

has identified pollutants “…for which no ambient air quality standard exists, but that 

cause or contribute to air pollution that may reasonably be anticipated to result in an 

increase in mortality, or in serious irreversible or incapacitating reversible illness.” 

USEPA has developed National Emissions Standards for Hazardous Air Pollutants 

(NESHAPs) for one hundred eighty-eight air VOCs, including PCE, TCE, 1,1,1-TCA, 1,1

DCA and VC. These standards will be applicable to remedial activities resulting in 

airborne discharges from the Site. 

NAAQS and NESHAPs would be action-specific ARARs for all alternatives that involve 

excavation and handling VOC impacted soil, as well as thermal source zone treatments 

and fugitive vapor recovery systems that may be warranted during chemical oxidation 

treatments. 

USEPA has also established New Source Performance Standards (NSPS) under 

Section 111 of the CAA. These standards potentially would be applicable for thermal 

treatment alternatives and fugitive vapor recovery systems.   

2.2.3.7 Other Action-Specific Federal ARARs 
The following is a listing of other federal regulations that may be action-specific ARARs, 

depending on the remedial action selected. 

1. 	 Occupational Safety and Health Administration (OSHA) Health and Safety 
Requirements (29 CFR, Parts 1910, 1926, and 1904).  Addresses 
requirements for worker safety during remedial investigation and remedial 
action activities at hazardous waste sites. 

2. 	 Department of Transportation (DOT) Rules for Hazardous Materials 
Transport (49 CFR, Parts 107, 171.1-500).  Addresses requirements for 
marking, manifesting, handling, and transport of hazardous materials; 
applicable if off-Site treatment or disposal of wastes is required. 
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3. 	 Threshold Limit Values (TLV) of the American Conference of 
Governmental Industrial Hygienists (ACGIH) provide standards for 
respiratory protection; applicable to air concentrations during remedial 
activities. The 8-hour time weighted average (TWA) for PCE and TCE 
are 25 and 50 ppm, respectively. The 15-minute TWA short-term 
exposure limit (STEL) is 100 ppm for both target constituents. 

2.2.4 	 To Be Considered Criteria 
At the time of the original RI/FS and ROD, heath risks associated with vapor intrusion were not 

considered in the site conceptual exposure model nor evaluated with respect to remedial goals. 

The protocols and screening numbers outlined in the NHDES Vapor Intrusion Guidance (July 

2006) and OSWER Draft Guidance for Evaluating the Vapor Intrusion to Indoor Air Pathway 

from Groundwater and Soils (December 2001) are “to be considered” criteria for the Site. 

2.3 	 Remedial Action Objectives 
RAOs are media-specific targets for remedial action which will provide an outcome protective of 

human health and the environment.  Sampling results from the Site’s remedial investigations, 

source delineation studies, supplemental source investigation as well as routine groundwater 

sampling have indicated groundwater both on-property and off-property contained 

concentrations of VOCs which exceed the drinking water standards established under the Safe 

Drinking Water Act. As a consequence, the September 27, 1989 ROD established RAOs for 

protection of human health and the environment as they relate to groundwater at the South Well 

Site as follows: 

1. 	 restore the contaminated portion of the aquifer, including all the dilute plume 
area, to drinking water quality [USEPA National Primary Drinking Water 
Standards Maximum Contaminant Levels (MCLs)] in as short of time frame as 
practicable; 

2. 	 prevent migration of the contaminated groundwater into uncontaminated portions 
of the aquifer; and 

3. 	 implement a groundwater extraction system which creates a barrier between 
highly contaminated groundwater in the NHBB area and the dilute plume, so use 
of the portion of the aquifer affected by the dilute plume could occur independent 
of the restoration of the NHBB area; and 

4. 	 implement a groundwater extraction system which creates a barrier between the 
dilute plume area and the South Municipal well, to permit restricted use of the 
South Well in the event of water supply emergencies prior to full attainment of 
groundwater cleanup target levels in the dilute plume. 
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Because of the presence of DNAPL, it was determined from an engineering perspective, that 

restoration of a portion of the aquifer to MCLs was technically impracticable; therefore, EPA 

documented in a February 3, 1997 ESD, the waiver of certain ARARs relative to groundwater. 

These waivers included, relative to the groundwater remedy: 

1. 	 Cessation of air sparge/SVE to enhance contaminant removal to address the 
presence of free phase solvents in the saturated zone of the NHBB-area plume, 
and 

2. 	 Modification to the operation of the extraction system to maintain the hydraulic 
barrier between the NHBB plume area and the rest of the aquifer, but not 
necessarily to restore the NHBB plume to drinking water quality and adjust the 
system to allow for the use of the South Well if the Town of Peterborough elects 
to use it. 

In the context of the evaluations within the FFS, we have interpreted the intent of RAO3 to be 

non-technology specific. Rather, we consider the RAOs to require that the remedy will allow for 

use of the water resource off NHBB property within a reasonable timeframe and that the means 

of meeting the RAO do not necessarily require groundwater extraction. 

The specific target concentrations to meet the RAO for waters outside of the TI waiver are 

defined as the drinking water MCLs for VOCs including PCE (proposed goal at the time of the 

ROD), TCE, 1,1,1-TCA, 1,1-DCE, VC and toluene.  The historic target cleanup level for 1,1

DCA was established at 810 ug/L based on the New Hampshire Department of Public Health 

Service Consumption Advisory for Water Supplies.  Currently, 1,1-DCA has an ambient 

groundwater quality standard of 81 ug/L as established by the NHDES and this action level is 

the appropriate clean-up standard for this constituent. Similarly, 1,4-Dioxane, an additive 

commonly associated with 1,1,1-TCA, has an ambient groundwater quality goal of 3 ug/L. 

As discussed in Section 3.4, groundwater modeling was used as an evaluation tool to aid in the 

selection of Preliminary Remedial Goals (PRGs) for waters within the TI waiver boundary and 

ultimately the source area treatment technologies.  Selection of the PRG was based on the 

anticipated level of effort and the feasible achievement of required source mass reduction to 

allow for compliance with the TI waiver boundary conditions. Selection of the PRG was 

considered with respect to the necessity of achieving residual plume containment. 

Subsequent to implementation of the current remedy pursuant to the original RI/FS and ROD, 

human health exposures associated with inhalation of VOCs volatizing from either the soil or 
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groundwater (or DNAPL) have been identified as a potentially complete pathway.  Reduction of 

the source mass to address potential groundwater exposures will also address vapor intrusion 

concerns. 

Field activities as outlined in the Vapor Intrusion Screening and Work Plan Letter for Indoor Air 

Sampling Strategy and its subsequent addendum (Hull documents NHB033.200.0071 and 

NHB033.200.0077), address the collection of indoor air samples from commercial structures 

located above or proximate to both source areas and the dilute groundwater plume are pending. 

Additionally, the work plan specifies the installation of additional piezometers proximate to a 

residential structure for the collection of groundwater samples for comparative analysis of 

groundwater to non-truncated indoor air screening thresholds for residential exposure risks. 

Field activities are currently slated for September 2009. The results of these studies will be 

considered, if necessary, in the implementation of remedial action resulting from this FFS.  

Figure 6 presents a depiction of the Site conceptual exposure model. 

2.3.1 	 Revisions to the Remedial Action Objectives 
The intent of the FFS is to evaluate either individual remedial alternatives or comprehensive 

treatment scenario that will effectively reduce source mass and allow for containment and/or 

management of the residual groundwater plume. To capture the benefits from the anticipated 

changes in the remedy on Site conditions, revisions to the RAOs to reflect these efforts should 

be made. The suggested RAOs for the Site which have been considered in the context of the 

various remedial alternatives and comprehensive scenarios evaluated herein, are restated as 

follows: 

1.	 restore all of the “dilute plume” area outside of the TI waiver boundary to drinking 
water quality (MCLs) in as short of time frame as practicable in order to return the 
South Well to the Town of Peterborough as a drinking water supply source; 

2.	 prevent migration of contaminated groundwater from the TI waiver boundary into 
uncontaminated portions of the aquifer, including the dilute plume area, to the 
extent practicable; 

3. 	 reduce contaminant concentrations within the TI waiver boundary; and 

4. 	 prevent exposure to the contaminated groundwater both within the TI waiver 
boundary and outside the TI waiver boundary that has been impacted by Site 
contaminants. 

HULL & ASSOCIATES, INC. 35 SEPTEMBER 2009 

MASON, OHIO NHB034.200.0020
 



  

    

  
 

 

 

 

 

  

 

 

 

2.4 General Response Actions 
GRAs are broad remedial approaches capable of meeting the RAO identified in Section 2.3. 

Depending on Site conditions, these broad remedial approaches may be capable of meeting the 

RAO singularly, but in most circumstances, combinations of the general response actions are 

needed to meet the remedial objectives, with the overall objective of achieving compliance with 

the ARARs and ensuring overall protectiveness of human health and the environment. 

An inventory of general response actions for the Site has been developed based on the 

information obtained in the 1989 RI/FS as wells as the subsequent source area delineation 

activities and supplemental FFS testing which included bench scale testing and groundwater 

modeling. These evaluations were made with respect to the current RAOs.  Table 2 presents a 

summary of the GRAs that were evaluated for the potential applicability to source areas and 

groundwater with the intent to meet the RAOs for the Site. 

2.4.1 No Action 
The NCP requires consideration and retention of a no action/natural recovery alternative 

through the screening process to provide a baseline reference for other remedial alternatives. 

The no action response may be appropriate for some areas of concern where the potential 

human health and environmental risks are negligible or where the response action may cause 

greater harm to the environment or to human health.  The no action alternative may include 

limited actions such as routine sampling and analysis. The “No Action” alternative, in this 

circumstance, will be the continued operation of the existing groundwater extraction system (i.e., 

current ROD selected remedy). 

2.4.2 Institutional Controls Action 
These actions include legal controls such as deed restrictions, environmental covenants and 

zoning or ordinances that aid in minimizing the potential of human health exposures to Site 

contamination by limited appropriate land or resources use (i.e., groundwater). 

2.4.3 Containment 
Structural or hydraulic vertical and/or horizontal barriers may be used to achieve remedial 

objectives by containing the environmental media (i.e., source material or groundwater plume) 

within an area where there is no unacceptable risk to human health or the environment. 

Exposures to and migration of VOCs are controlled by containing the constituents in place. 
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Specific to groundwater containment, systems can be implemented which control groundwater 

and VOC migration through active or passive means. 

2.4.4 Removal Actions 
Removal of contaminated source materials which would result in the achievement of remedial 

objectives by reducing the mass of contaminants in environmental media at the Site are 

considered. The material may be disposed of at an off-Site location or may be consolidated on-

Site. 

2.4.5 Source Area Treatment Actions 
These actions involve the reduction of VOC volume, toxicity and mobility and can include both 

in-situ and ex-situ technologies. Screening of technologies which address the VOC mass in 

groundwater given the Site geology, hydrology and VOC distribution have been retained.  These 

technologies have been restricted to in-situ applications. 

2.4.6 Contingencies 
Preventative treatments which include mechanical treatment systems such as point-of-entry or 

point-of-distribution treatment systems which provide additional protections against potential 

exposures are considered. Since residual contamination has been identified near the South 

Well and uncertainty exists with respect to bedrock contributions to the unconsolidated aquifer 

under pumping conditions, wellhead treatment has been included as a contingency general 

response action for the Site. 

2.5 Identification and Screening of Remedial Technologies and Process Options 
Remedial alternatives to be considered for the Site evaluate the reduction of on-property source 

mass, thereby reducing VOC flux into groundwater and Site-wide exposure risks.  Secondary 

considerations have been given to those process options which provide containment of the 

residual VOC mass following source reduction to meet the remedial goals established in the TI 

waiver as well as mechanisms to prevent human/public health exposures through 

implementation of point of delivery treatment at the South Well. Tables 3 and 4 summarize the 

general response actions and remedial technologies that have been retained for preliminary 

technology screening. 

In evaluating remedial alternatives for recommendation and selection, both residual 

contaminant-driven risks and risks-of-remedy must be considered. It should be understood 
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given the geologic complexities of the Site, including heterogenic deposits, the large areal 

distribution of the VOCs, and the potential of bedrock source(s), remediation of the 

groundwaters beneath the NHBB property and potentially the VP-17 to MCLs area may be 

technically impracticable from both engineering and cost perspectives.  These challenges are 

acknowledged the February 3, 1997 ESD which recognizes the technical impracticability, from 

an engineering perspective, to achieve cleanup to MCLs in the presence of DNAPL.  However, 

substantial reductions in VOC mass are anticipated through the implementation of the source 

treatment remedies considered in the FFS. 

The technologies which have been selected for evaluation to treat and reduce source mass 

have demonstrated success for the rapid remediation of VOCs. However, because of 

uncertainties associated with implementation of these technologies [e.g., in-situ chemical 

oxidation (ISCO) and/or in-situ chemical reduction (ISCR)], the complex geologic nature of the 

Site, and the volume of aquifer impacted by VOCs, a residual plume will remain beneath the 

NHBB Site following source treatment. In consideration of a residual plume, biological polishing 

as well as containment options, including passive and active technologies, has been evaluated 

for the treatment and/or containment of the VOC residuals to meet RAOs. 

The following sections provide general information regarding the conceptual remediation 

technology process options evaluated in the FFS. The technologies were selected based on 

their efficacy in destroying source mass, including DNAPL.  Further assessment is provided in 

Section 3, where alternatives are evaluated in detail under the NCP criteria and for risk-of

remedy for remediation selection. 

2.5.1 No Action 
The NCP requires that a no action alternative be evaluated through the FFS process to provide 

a baseline for evaluating other alternatives.  No action, considering the Site is currently under 

orders and implementing a ROD selected remedy, would be continuation of the current remedy 

without modification. 

These actions include continued pumping from Site extraction wells, continuation of the 

preventative maintenance and well rehabilitation program, as well as routine monitoring and 

reporting. 
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Reinstatement of the South Well would not be possible under this alternative unless wellhead 

treatment was implemented prior to distribution of the water. 

2.5.2 Institutional Controls 
A groundwater protection overlay district is included in the Town of Peterborough zoning (Article 

III, Chapter 245 -14) provides protections against groundwater exposures by restricting 

groundwater use near the Site. The overlay district was reinstated into the Town’s zoning on 

May 12, 2009; a copy of the zoning information is included in Appendix F. 

2.5.3 Containment 
Active and passive containment options have been considered in the FFS.  Active containment 

options include mechanical systems that either inject air to volatilize VOCs for subsequent 

vapor extraction or use of mechanical system to extract and treat the impacted groundwater. 

Passive containment evaluations include the consideration, evaluation and bench scale testing 

of Site groundwater for treatment through a PRB. 

Given the ongoing difficulties operating and maintaining the current pump and treat 

containment, potential containment options including air sparge and ARTs installed in barrier 

arrays were eliminated. This is done in recognition of the high potential for injection of air into 

the aquifer to alter redox conditions such that the redox front (where biological activity takes 

place) is displaced. The resulting redistribution of biomass could make rehabilitation efforts 

ineffective due to the inability of cleaning chemicals to make contact with the biomass. 

Therefore, active containment technologies have been biased toward traditional pumping. 

2.5.3.1 Modifications to the Existing Treatment System 
Active containment options evaluated in the FFS include enhancement of the current 

containment system since the infrastructure is currently in place.  Enhancement would 

take place through the installation of additional extraction wells proximate to the current 

wells. Each well within the containment system could then operate at lower pumping 

rates to minimize the stress on the aquifer at each well. With multiple wells providing the 

plume containment, well operations within the array could be altered if a well requires 

service or if mechanical failures arise, allowing the system as a whole to operate. 

However, given the aggressiveness of the microbial populations near the current 

containment system, a high degree of uncertainty exists with respect to the success of 

this option. 
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2.5.3.2 Permeable Reactive Barrier 
Under passive containment, contaminated groundwater passes through a “reaction wall” 

where the presence of iron within the trench backfill creates a highly reductive 

environment which will promote the complete degradation of the target chlorinated 

compounds through reductive dehalogenation to ethane, ethene, methane, chloride and 

water. Over the past 13 years, Permeable Reactive Barriers (PRBs) have been installed 

at various government installations and have demonstrated successful VOC destruction 

and containment as a groundwater plume passes through the wall. Though some 

uncertainty exists relative to the life span of PRBs, the wall’s longevity will be Site 

specific based on hydraulic conductivity, water hardness, geochemistry and influent 

VOC concentration. It is currently estimated that a typical wall should last between 15 

and 30 years. The technology is favorable due to its simplicity and low operating costs 

typically associated with routine monitoring (i.e., no operating costs, no mechanical 

components, no electricity usage). 

2.5.3.2.1 Permeable Reactive Barrier Bench Testing 
To better evaluate the efficacy of the PRB technology at the Site, one 40 liter 

groundwater sample was collected from MW-9U concurrent with the April 2008 

groundwater sampling event for the purpose of bench scale testing.  The sample 

was collected using low-flow groundwater sampling techniques.  The bench 

testing was performed by EnviroMetals Technologies, Inc. (EnviroMetals - a 

division of Adventus USA, Inc.), the patent holder for PRB technologies with 

respect to VOC treatment.  The groundwater sample was used in column testing 

to determine the effectiveness of three separate iron sources to treat the Site. 

The sample from MW-9U was spiked with PCE in the laboratory to a 

concentration approaching approximately 1,000 ug/L to represent likely influent 

concentration at the proposed location of the PRB. The estimated influent 

concentrations are consistent with historical VOC sampling results of the MW-9 

well cluster, which are summarized in Table 5. Groundwater from MW-9U was 

selected for bench testing to evaluate the possible effects surface water recharge 

may have on aquifer oxygenation and to assess the potential nutrient load from 

wetlands that may recharge to groundwater affecting the performance of the 

barrier. Specifically evaluated were the major cation and anion concentrations, 
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biological oxygen demand (BOD), chemical oxygen demand (COD), dissolved 

organic carbon (DOC), alkalinity, ammonia (as Nitrogen), nitrate, nitrite, sulfate 

and sulfide.  The chemical analyses were used by EnviroMetals in their bench 

evaluation to assess the longevity of the wall to treat the Site groundwater with 

respect to Site geochemical considerations related to iron consumption (i.e. 

oxygen and sulfate reduction) and the potential for the wall to foul due to mineral 

precipitation. 

The purpose of the PRB bench testing includes identifying the efficacy of the 

technology could to treat the Site VOCs and their degradation products to MCLs, 

determining the VOC degradation rates, and determining the preliminary PRB 

design characteristics based on the bench-derived degradation rates to provide 

representative PRB costs for the FFS. 

In general, all three sources of iron tested in the bench level reactor tests were 

successful at reducing the influent VOCs in groundwater; however, the iron 

source from Connelly of Chicago, Illinois, provided the most effective reduction of 

VOCs and the resultant degradation parameters established from these column 

tests were used in the preliminary design of the wall for the purpose of this FFS. 

Appendix G contains a copy of the “Bench-Scale Treatability Report in Support 

of a Granular Iron Permeable Reactive Barrier Installation at the New Hampshire 

Ball Bearing Site, Peterborough, New Hampshire” (EnviroMetals, July 2008). 

2.5.4 Removal 
Based the recent and historic observations of conditions within the GZH-4 source area and the 

distribution of highly impacted groundwater, source materials are assumed to exist beneath and 

proximate to the manufacturing facility at depths of up to 50 feet bgs.  Given these depths, the 

location of the building over the source materials and the shallow depth to groundwater, 

excavation of the source material is not feasible. Therefore, remedial options to reduce source 

mass have been considered in context of in-situ treatment actions. 

2.5.5 Source Area Treatment Actions 
2.5.5.1 Electrical Resistance Heating (ERH) 
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ERH is an aggressive in-situ thermal remediation technology that was developed by the 

U.S. Department of Energy from the original oil production technology to enhance vapor 

extraction remediation technologies in low permeability soils.  Development took place at 

Hanford, Washington, demonstrating its applicability in desert conditions, with soil field 

moisture content as low as 3%.  It was used at the Savannah River Site, South Carolina 

under non-arid conditions in 1997 to remediate PCE in a clay lense where more than 99 

percent of the VOCs were removed within 25 days. 

The soil and groundwater are heated by the passage of electrical current through the 

saturated and unsaturated soil between electrodes, not by the electrodes themselves.  It 

is the resistance to the flow of electrical current that results in increased subsurface 

temperatures. Subsurface temperatures are typically increased up to the boiling point of 

water where a portion of the soil moisture is converted to steam. The generation of in-

situ steam occurs regardless of soil type or permeability.  The electrical energy 

volatilizes and evaporates the target VOCs and the steam serves as a carrier gas to 

mobilize the VOCs transitioned to the vapor phase.  The VOCs in the vapor phase are 

then captured by a vapor recovery system which is co-located with the heating wells. 

The steam is condensed at the surface to water and vapor, which are cooled to ambient 

conditions. Less than 1% of the VOCs captured from the subsurface will condense and 

become dissolved in the condensate. The residual VOCs remain part of the vapor 

stream which is conventionally treated using processes such as thermal oxidation, 

catalytic oxidation or granular activated carbon. 

ERH can be applied using either three or six phases of electricity; three phase systems 

providing more efficient and even heating of the subsurface media.  For the purpose of 

the FFS, cost estimates were generated assuming three phase heating. ERH is capable 

of remediating both soil and groundwater in unsaturated and saturated environments. 

The technology is very tolerant of subsurface heterogeneities and has shown proven 

results in low permeability deposits. Electrodes are generally spaced between 15 and 

25 ft., the spacing of which determines the rate of subsurface heating and the duration 

required to heat and remediate the target zone.  Although installation costs would be 

lower at larger spacing arrays, the time required to heat and operate the system would 

results in a longer and more costly operating period. 
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The electrode field is supplied electricity for a power control unit which is supplied three 

phase electricity from municipal power supplies. The electrodes conduct an alternating 

current which can be directed and controlled to select groups of electrodes or specified 

target depths. The electrodes that are in contact but out of phase with each other pass 

the current through the soil (or rock) between them. The natural resistance of the 

aquifer media to this flow causes the uniform heating throughout the treatment zone 

regardless of saturation. Monitoring of subsurface conditions is achieved using 

thermocouples that are installed at five ft. subsurface intervals. Temperature, voltage, 

vacuum, airflow and subsurface pressures are all monitored during the remediation and 

pending the system configuration can be controlled directly or remotely. 

Using ERH, the portions of the treatment zone with higher electrical conductivities such 

as silts and clays lenses or zones containing residual solvents are preferentially heated. 

The low permeable silts and clays are naturally conductive due to their large surface 

areas. Chloride ions produced as a result of reductive dechlorination of the residual or 

dissolved phase VOCs provide chloride halos which contribute to higher conductivities 

proximate to residual NAPLs. The natural attributes which are related to increased 

electrical conductivity are important because residual DNAPLs are often bound within 

lower permeable materials. 

As described by Thermal Remediation Services, Inc. (TRS), the success of the ERH 

remedy relies (in part) on the processes described by Dalton’s Law of partial pressures. 

Dalton’s Law describes the depression of a VOC’s boiling point when in the presence of 

water or moist soil. As such, a VOC and water mixture will boil when the vapor pressure 

of the VOC plus the vapor pressure of water is equal to the ambient pressure.  Upon 

heating of the subsurface, boiling points of various VOC mixtures are achieved in the 

following order: 

1. Separate phase DNAPL or LNAPL in contact with water or soil moisture; 

2. Dissolved VOCs; and 

3. Uncontaminated groundwater. 

The preferential heating order is beneficial to the technology because contaminated 

media are effectively treated before clean water reducing the operational time of the 

remedy. While the main focus of ERH has been to release and vaporize volatile organic 
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compounds so they can be removed from the subsurface via soil vapor extraction, other 

beneficial reactions which aid in and accelerate the rate of remediation include 

hydrolysis, enhanced biodegradation and reductive dechlorination. 

2.5.5.2 	In-Situ Thermal Destruction (ISTD) coupled with Steam Enhanced 
Extraction (SEE) 

ISTD is a patented treatment technology by which the subsurface is simultaneously 

heated while vacuum recovery is applied.  Patented heater wells are typically installed in 

vertical arrays where electrical currents are applied. The heater wells generate very 

high temperatures (i.e., >1,000° F) which radiate outward into the treatment zone away 

from the heater wells at predictable rates heating the soils and water in the treatment 

zone through thermal conductive heating (TCH).  As with ERH, ISTD heating 

mechanisms are tolerant to soil heterogeneity. 

TCH relies on electrically powered heating elements installed within vertical wells in 

contact with the soil. The heaters are typically installed in triangular patterns which 

results in a pattern of hexagons. The wells that create the hexagon pattern consist of 

heater only wells with the purpose of transferring heat from the wells to the soil and/or 

groundwater. Within the center of each hexagon, a dual purpose heater and vacuum 

well is installed. This heater/vacuum wells serve to sustain an inward negative gradient 

to control the potential migration of VOCs outside of the treatment zone, as well as 

recovering those VOCs which have been transitioned to the vapor phase. 

Though the soils are primarily heated through conductive mechanisms, steam generated 

as a result of heating provides support of heating through convection. TerraTherm, Inc. 

(TerraTherm). Baker and Heron report that three zones develop proximate to heater 

wells during ISTD. They include: 

1. 	 Dry conduction zone – closest to heater – pore water has been 
evaporated and steep temperature gradients drive conductive heating 
radially outward from the heater well; 

2. 	 Conductive zone - location varies based on water saturation – relatively 
constant temperatures equal to the boiling point of pore water where 
steam generated by boiling is transferred outward while water wicks back 
toward the heater well by unsaturated flow; and 

3. 	 Saturated zone – where steam re-condenses – hot water movement and 
thermal conduction propagate more distal heat transfer. 
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As these heating zones extend radially outward from each heater well, they will 

eventually overlap. Heated zones are always hottest near the heater well and the coolest 

temperatures are found approximately midway between heater wells. As the soil is 

heated, the water is boiled and VOCs are transitioned into the vapor state where they can 

be captured by the vacuum extraction system for above surface treatment.  Assuming the 

groundwater influx into the treatment zone is appropriately managed, ISTD can be 

successfully applied below the water table.  As with ERH, subsurface conditions are 

monitored through the use of thermal couples installed throughout the treatment zone. 

Other physical processes such as evaporation, steam distillation, boiling, oxidation and 

pyrolysis enhance the destruction of VOCs during the remedy. 

The conceptual scenarios for TCH at South Well include ISTD for most of the targeted 

treatment zone comprised of silty sand. The ISTD would be coupled with steam 

enhanced extraction (SEE) for the sand unit which lies beneath the silty unit. The lower 

portion of the treatment zone would be heated to approximately 176 degrees Fahrenheit 

through the injection of steam while the TCH provides a “hot floor” to prevent the 

migration of condensate or DNAPL downward. The steam is used to heat the more 

permeable zones creating a high pressure steam front that reduces water flow into the 

treatment zone. Water flow into the treatment zone is reduced through a reduction in 

permeability created from steam saturation. Groundwater and steam would be extracted 

during the remedy to provide hydraulic control. 

2.5.5.3 In-Situ Chemical Oxidation (ISCO) 
In-situ chemical oxidation involves the injection of a chemical oxidant into the aquifer 

which transforms the target VOCs into harmless compounds, commonly carbon dioxide, 

water and inorganic chloride.  The technology has been used successfully to remove 

significant VOC mass from soils and groundwater.  Common oxidants used in ISCO 

treatment include hydrogen peroxide, permanganate, persulfate, percarbonate, and 

ozone. Oxidation, depending on the reagent, can take place via direct electron transfer 

(as with permanganate) or through series of chemical reactions generated by the 

creation of hydroxyl radicals (OH). 

Oxidants do not selectively oxidize, which can be problematic for sites that have 

naturally high background oxidant demands. In evaluating the implementation of ISCO, 
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consideration of the efficacy for the oxidant to degrade the target compound(s) is 

required. For example, permanganate has demonstrated effective destruction of 

chlorinated solvents, but it is not effective for treatment of petroleum compounds. 

Similarly, permanganate would be successful at treating the chlorinated ethenes found 

at the South Well Site, but would have limited effects for reducing the chlorinated alkane 

mass (1,1,1-TCA). 

Regardless of the selected oxidant, the success of the technology is dependent upon 

the distribution and contact of the oxidant with the VOC mass in the subsurface. 

Geologic heterogeneity, such as that observed at South Well, will likely hamper the 

application of oxidants causing a high degree of uncertainty with respect to the success 

of ISCO. It has also been noted within the literature, that most ISCO remediated sites 

experience VOC concentration rebound following oxidant injections and multiple 

injections are likely needed to meet remedial objects for source treatment. 

In anticipation of the FFS, bench scale testing of catalyzed hydrogen peroxide (CHP), 

potassium permanganate (KMnO4) and activated persulfate to assess how each of the 

oxidants would react with Site soil and groundwater. 

5.5.5.3.1 ISCO Bench Scale Testing 
Three soil borings (FSSB-1 through FSSB-3) were advanced in May 2008 using 

PSI Vibradrill technology to collect soil samples for supplemental analysis to 

support various remedial process option evaluations for the FFS.  The borings 

were targeted to collect samples from Unit 5 (silty-clay) and Unit 3 (underlying 

sand) laterally across the impacted zone. These stratigraphic units were 

determined (based on the findings of the Source Area Delineation Summary 

Report, Hull November 2007) to contain the highest concentrations VOCs in the 

targeted treatment areas. 

Two ten-pound samples, one consisting of silty sand (Unit 5) and one of fine to 

medium grained sand (Unit 3), were collected for bench scale testing of ISCO 

reagents including catalyzed hydrogen peroxide (CHP), persulfate (alkaline and 

iron activated) and potassium permanganate (KMn04). NHBB subcontracted the 

services of Expert Design & Diagnostics, LLC (XDD) in Stratham, New 
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Hampshire to complete the bench scale testing for the ISCO remedial 

alternatives included in the evaluations presented in this FFS. 

An additional 6 soil samples and 16 groundwater samples were collected and 

analyzed for supplemental geochemical and inorganic analytical testing. The 

samples were shipped under chain of custody procedures to Mircoseeps, Inc. 

located in Pittsburg, Pennsylvania for analytical testing.  The results of these 

supplemental tests were provided to the various remedial vendors, including 

XDD, to better calibrate their models to Site conditions for cost estimation 

purposes. The six soil samples were analyzed for selected metals and total 

organic carbon (TOC).  The groundwater samples were analyzed for chemical 

oxygen demand (COD -5 day), TOC, nitrate, nitrite, sulfate and sulfide.  Tables 6 

and 7 summarize the supplemental analytical results of the soil and groundwater 

samples, respectively. 

In general, the results of the ISCO bench testing demonstrate that source area 

treatment using CHP or KMn04 (or a combination of the two) are viable options 

for source mass treatment at the Site. Although alkaline activated persulfate was 

successful at the bench level of reducing VOC mass, the results showed a 

disappointing 70% reduction of VOC mass. Therefore, given the cost and the 

poor performance of the reactor tests for alkaline persulfate, this reagent was 

omitted from further consideration as a promising process option for source 

treatment. Based on the results of the bench testing, remedial strategies using 

CHP and KMn04 were retained for further evaluation of source mass treatment. 

Although bench scale testing indicated the Site soils and groundwater react 

favorably with CHP and KMnO4, the necessity for direct oxidant-VOC contact and 

interaction provides a high degree of uncertainty given the complex geology 

stratigraphy in the source area.  Furthermore, potential matrix influences (i.e., soil 

oxidant demands greater than those calculated at the bench), VOC desorption, 

precipitation of iron or manganese oxides reducing permeability, and/or 

mobilization of DNAPL can greatly complicate and hinder the success of ISCO. 

Therefore, pilot testing is recommended prior to full scale implementation of any 

remedial alternatives (later discussed in this report) which specify ISCO as the 
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source treatment. The results of the pilot would likely alter the exact chemistries 

used for the final remedial design.  Given the presence of both chlorinated 

ethanes and ethenes and the results of the bench scale reactor tests, a final 

ISCO remedy using would likely include the use of CHP and KMnO4, either 

singularly or in combination. 

Appendix H contains a copy of the XDD, LLC report titled “Draft Bench Scale 

Evaluation Results, South Municipal Water Supply Superfund Site” (XDD, August 

2008).

 2.5.5.4 In-Situ Chemical Reduction (Biological) 
In-situ chemical reduction (ISCR) through bioremediation has been considered for both a 

primary remedial technology to address source mass as well as a polishing mechanism 

to reduce dissolved phase groundwater contamination.  For the purpose of these 

evaluations, products manufactured by Regensis, Inc. and EOS Remediation, Inc. have 

been considered; however, other bioremediation enhancers should not be eliminated 

from consideration for the bioremediation enhancer. 

As a primary remedy, a combination of RegenOX and 3DMe (both developed and 

distributed by Regenesis) has been considered.  Though this alternative does provide a 

minor ISCO component, the primary remediation mechanism is biological anaerobic 

degradation through the application of 3DMe. 3DMe incorporates the patented 

technology of Hydrogen Release Compound (HRC®) in addition a unique patented 

molecule (patent pending) that is specifically designed to time-release a combination of 

highly efficient electron donors.  Upon application in the subsurface, 3DMe immediately 

begins producing hydrogen and distributes hydrogen generating compounds to the 

subsurface through a series of hydration and fermentation reactions. This process 

provides for immediate and time-release supplies of hydrogen to fuel the demands of the 

anaerobic reductive dechlorination process.  3DMe can last up to two years or more on a 

single injection and up to four years or more under optimal conditions. 

Primary treatment (i.e. suspected DNAPL) and biological polishing enhanced by the 

application of emulsified oil substrate (EOS® and AquaBupHTM) has also been 

considered for the Site. EOS® consists of food-grade soybean oil, surfactants, macro 

and micronutrients, and vitamins blended to form a stable micro-emulsion with small, 
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uniformly sized droplets. AquaBupH™ is a patent-pending amendment that combines 

EOS® bioremediation with a slow release PH buffer. AquaBupH™ provides pH 

buffering, an easily biodegradable soluble substrate for rapid onset of anaerobic 

conditions along with slowly biodegradable soybean oil to support long-term contaminant 

reduction. Once injected, the oil droplets stick to the sediment surfaces providing a 

residual oil phase. The EOS® or AquaBupH™ then serves as a carbon source for cell 

growth and an electron donor for energy generation, supporting long-term anaerobic 

biodegradation. 

The biological treatment options are considered alone (source treatment) and in 

combination with more aggressive source reduction technologies (as a polishing 

treatment) to remediate the residual on-property plume. 

2.5.5.5 Contingency 
If the Town and other stakeholders wish to reinstate the South Well as a source of 

potable water the potential exists that wellhead treatment may be necessary for a variety 

of technical and/or policy reasons.  In this instance wellhead treatment itself will not 

restore groundwater at the Site, but would ensure that water supplied to the public is 

treated prior to distribution, mitigating the risks associated with ingestion of low 

concentrations of VOCs found near the South Well. 

Evaluation of wellhead treatment using both carbon adsorption and air stripping is 

presented herein. 

Section 3.0 describes the screening of remedial technologies and process options for the 

source areas and resultant plume. 
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3.0 SCREENING OF REMEDIAL TECHNOLOGIES AND PROCESS OPTIONS FOR 

SOURCE AREAS AND GROUNDWATER 


3.1 	 Screening of Remedial Technologies and Process Options for Source Areas and 
Groundwater 

Each remedial technology that was identified as being potentially applicable to source mass 

reduction and groundwater in the proceeding section were retained for further screening. 

During this screening process, remedial technology types and process options are screened 

with respect to effectiveness, technical implementability, and cost for given Site conditions; as 

described below: 

1. 	 Effectiveness – The potential effectiveness of each technology in meeting RAOs 
and in addressing estimated volumes or areas of contaminated media is 
evaluated in the screening process.  Reliability of each technology with respect to 
the contaminants and conditions on the Site, and the effectiveness of the options 
in protecting human health and the environment during construction and 
implementation are assessed. 

2. 	 Implementability – The technical and institutional feasibility of implementing 
each technology is evaluated. The technical feasibility includes the degree of 
difficulty and unknowns associated with the use of a technology, the expected 
operational reliability of the technology, the ease of undertaking additional 
remedial actions, and the ability to monitor the effectiveness of the remedy. 
Institutional feasibility includes availability of necessary equipment and skilled 
workers, and the ability to coordinate with regulatory agencies and obtain any 
permits that may be necessary. 

3. 	 Cost – The relative capital and operation and maintenance (O&M) costs of 
technology are considered in the screening process. More detailed cost 
estimates are presented in the detailed analysis of alternatives and CTS. 

In some cases, additional information on the feasibility of a particular process option has been 

included in the screening process where such information was deemed to be of critical 

importance in determined whether a particular process option should be evaluated as part of a 

remedial evaluation. 

The following subsections provide a detailed discussion of each of the conceptual remedial 

alternatives considered for preliminary screening. Alternatives which were retained for further 

consideration for the development of comprehensive treatment scenarios (CTS) are further 

discussed in Sections 4.0 and 6.0 
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3.2 	 Development of Individual Remedial Action Alternatives 
Based on the standard procedures for feasibility studies under CERCLA, treatment alternatives 

should be developed ranging from those that would eliminate the need for long-term 

management at the Site to those involving treatment that would reduce toxicity, mobility, or 

volume of the VOCs. Although the alternatives considered within this FFS involve different 

remedial technologies, the individual remedial alternatives will mainly vary: 

1. 	 to the degree in which they rely on long-term management of treatment 
residuals; 

2. 	 the amount of VOC mass destroyed and aquifer volume identified for treatment; 
and 

3. 	in costs. 

The screening of twenty-one individual remedial alternatives considered during the FFS process 

are presented in this section. Table 8 provides a summary matrix of the individual remedial 

alternatives considered for preliminary screening.  This matrix provides a summary which 

identifies the treatment volumes, preliminary remedial goals (PRGs) and the estimated mass to 

be treated by the individual alternatives. The supplemental information provided on Table 8 are 

discussed in more detail in the following subsections. The summation and calculation of these 

of these data, while based upon the best information currently available, may be subject to 

change upon findings which support pre-design evaluations. 

3.3 	 Treatment Volume Determinations 
In order to evaluate the cost-effectiveness of any particular technology or combination of 

technologies as a remedy it is necessary to develop model dimensions over which the 

technology will be applied, as variation in the extent of application may result in substantial 

variation in cost-effectiveness and the degree to which RAOs are met.  In the instance of source 

treatment, we use volume of contaminated media (groundwater and aquifer material) as the 

model dimension over which the alternatives are to be applied, and vary the volume to provide 

for comparative analysis of cost-effectiveness and achievement of RAOs. 

The treatment volumes presented in Table 8, and discussed in further detail in below, were 

developed from the areal VOC distributions identified as a result of the source area delineation 

work, as well as the supplemental VOC delineation completed in support of the FFS (i.e. VP

17). In general, the conceptual treatment volumes considered in the development of the various 

individual remedial alternatives vary based on the isoconcentrations of total VOCs.  The various 
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volumes considered for treatment include the basic plume footprints demonstrated by the VOC 

isoconcentrations that are >100,000 ug/L, >10,000 ug/L, >1,000 ug/L, >100 ug/L and the VP-17 

hot spot. 

In general, as reported in the “Source Area Delineation Summary Report” (Hull, November 

2007) the upper 30 ft. of the aquifer contain the highest concentrations of dissolved phase 

VOCs and in some places residual DNAPL. Therefore, the source reduction remedial 

alternatives presented in the following subsections assume a conservative treatment thickness 

of 35 [i.e., from the water table at approximately 15 ft. below ground surface (bgs) to 

approximately 50 ft. bgs]. As such, the volume of aquifer identified for treatment in each 

individual remedial alternative was determined from the isoconcentration areas and treatment 

thicknesses of 35 feet. The resultant treatment volumes have been identified as treatment 

zones in subsequent text. These treatment zones have been evaluated primarily with the intent 

of source treatment or mass reduction technologies. 

For each treatment zone, VOC mass estimates have been prepared based on the dissolved 

phase VOC concentrations, as well as assumed DNAPL mass in select areas (i.e., VOC 

concentrations greater then 10,000 ug/L).  Appendix I contains the calculations and summary 

tables with respect to treatment zone volumes and corresponding VOC mass estimates per 

zone. 

The estimated VOC mass, as well as the actual treatment areas and volumes for which the 

source treatment and polishing technologies are to be applied will be further refined during the 

pre-design activities. 

3.4 Determination of Preliminary Remedial Goals 
The RAOs established for this FFS are general endpoints that must be achieved within a 

reasonable timeframe in order for a remedy to be successful.  These endpoints may be different 

than the specific targets necessary to be achieved by a technology at an arbitrary location within 

the Site, such as, for instance, an endpoint concentration to be achieved within the >100,000 

ug/L source area. These specific targets, or preliminary remediation goals (PRGs), are 

established in this section for source treatment technologies. 

NHBB subcontracted the services of In-Aqua Veritas, LLC. (IAV) to provide groundwater 

modeling, which was used as an evaluation tool during the development of remedial alternatives 
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and the associated PRGs. In general, the groundwater model was run with varied input 

conditions such as the operational status of the extraction system, the operation of the South 

Well and several instantaneous “source treatment” variations to determine the residual 

concentrations of VOCs at the downgradient compliance boundary, as well as the effects of the 

residual VOCs at the South Well. IAV provided analyses of multiple modeling scenarios; the 

results of the modeling simulations were use to aid in the selection of attainable, reasonable 

and cost effective on-property PRGs for the different source area treatment remedial 

alternatives. 

In general, the modeling demonstrates that even the most aggressive source reduction 

scenarios (such as reduction of the source cells to 500 ug/L) allow VOC concentrations to 

exceed MCLs at the compliance boundary (TI waiver boundary). The specific modeling 

simulations are discussed in detail in Section 3.4.1.2; however, our interpretations of the 

modeling simulations indicate that on-property source treatment which target a PRG of 1,000 

ug/L total VOCs is an achievable and reasonable goal for source treatment alternatives 

considered in the FFS, understanding that continued plume management will be required. 

3.4.1 Groundwater Modeling 
3.4.1.1 Calibration 
The modeling was completed using Waterloo Hydrogeologic’s Visual ModFlow Version 

4.2. The model was developed and calibrated to Site conditions using hydrogeologic 

parameters derived from historic Site investigations (e.g., Pre-Design Phase), including 

historically accepted Site groundwater models prepared by Hull (1992) and Aries (1994), 

as well as the analytical data and VOC distributions determined by the source area 

delineation field work including the supplemental delineation activities (VP-17 hot spot 

delineation) completed in support of the FFS. The model was calibrated to current Site 

conditions based on empirical groundwater concentrations, operational parameters of 

the extraction system and recharge in the wetlands from treatment system discharge 

and the re-routed stream. 

The calibration and VOC distributions suggest the current discharge point for the 

treatment system and the flow directed through re-routed stream channel into the 

wetlands (at GZ-105) may be causing bifurcation of the plume, pushing VOCs north of 

the NHBB property in what has been identified as the VP-17 hot spot. Though it is 

possible that the treatment system discharge may play a role in the VOC distribution 

HULL & ASSOCIATES, INC. 53 SEPTEMBER 2009 

MASON, OHIO NHB034.200.0020
 



  

  

 

 

 

 

 

 

 

found north of the NHBB property, anecdotal information also exists referencing historic 

surface releases by employees to this area. Furthermore, the modeling demonstrates 

that extremely high concentrations of VOCs must be present near the GZH-4 source to 

allow for the resultant off-property VOC distribution which is not demonstrated along the 

flow lines to the off-property area. 

3.4.1.2 Model Simulations 
IAV analyzed multiple modeling scenarios identified as 1, 2, 3, 3a, 4 and 4a. Modeling 

simulations 1 and 2 provided for an “instantaneous” source reduction to 5,000 ug/L and 

1,000 ug/L, respectively.  For these simulations, the NHBB wells were deactivated, and 

the South well was operating at 300 gpm.  The results of these simulations show that 

even with a two order of magnitude source reduction, the concentrations contained 

within the residual on-property VOCs plume will exceed the targeted MCL clean-up 

criteria at the downgradient property line (TI waiver boundary). The property line 

exceedances are modeled at approximately 350 ug/L and 75 ug/L, respectively, for 

simulations 1 and 2. Simulations 1 and 2 also indicate that the plume resulting from a 

5,000 ug/L source after seven years of transport, unencumbered by the NHBB 

containment system, will result in groundwater VOC concentrations proximate to the 

intake of the South Well of approximately 5 ug/L.  Similarly, simulations with a source 

reduction to 1,000 ug/L and six years of residual plume transport indicate groundwater 

VOC concentrations of approximately 2 ug/L at the South Well. 

Simulations 3 and 4 provided source reduction to 500 and 100 ug/L, respectively, while 

the NHBB containment system remained operational and the South Well was operating 

at 275 gpm. The simulations were run for a period of six years. Simulations 3a and 4a 

provide further time sequences to Simulations 3 and 4 with varying parameters.  Each 

“a” simulation was initiated using the modeled PCE concentrations at the last time series 

of simulations 3 and 4. The NHBB containment wells were deactivated and the marsh 

recharge was adjusted to average annual recharge, while the South Well pumping was 

increase to 300 gpm. As with simulations 3 and 4, the source cells were set to 500 and 

100 ug/L for simulations 3a and 4a, respectively. The simulations were run for a ten 

year duration. 

Simulations 3 and 4 (and their alternatives) show that PCE concentrations are protective 

of the South Well with resultant concentrations less than MCLs proximate to the well. 
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The simulations predict PCE concentrations of 25 ug/L and 5 ug/L for simulations 3 and 

4, respectively, at the compliance boundary. The primary difference between the initial 

and alternative simulations in runs 3 and 4 is the plume’s simulated interaction with the 

Contoocook River. 

3.4.1.3. Modeling Conclusions 
The modeling results of simulations 1, 2 and 3 indicate that operation of the current 

containment system or an alternative containment mechanism such as a PRB would be 

necessary for an additional six years following the source treatment to capture the 

residual plume at the downgradient property line to meet the requirements of the TI 

waiver boundary. Simulations for source reductions to 5,000 ug/L, 1,000 ug/L and 500 

ug/L show PCE concentrations at the TI waiver boundary of 350 ug/L, 75 ug/L and 25 

ug/L, respectively. The groundwater simulation for a source reduction to 100 ug/L 

indicates PCE at concentrations less then 5 ug/L at the property boundary. 

Given the technical challenges and costs required to achieve source reduction to 

concentrations of 100 to 500 ug/L, source area PRGs for source remedial alternatives 

presented in the FFS were selected at 1,000 ug/L.  Based on the modeling, it appears 

that regardless of the aggressiveness of source reduction, concentrations will exceed 

the MCLs at the property line.  The additional expense required to achieve three orders 

of magnitude source reduction (i.e., hundreds of ppb VOCs) does not appear warranted 

since the boundary conditions will still exceed MCLs at 25 ug/L. Even though the 

modeling simulations predict source reductions to 100-1,000 ug/L would be protective of 

the South Well (PCE concentrations less than MCLs), uncertainty associated with a 

bedrock source or other unidentified sources between the GZH-4 source area and South 

Well may necessitate consideration of implementation of wellhead treatment if the South 

Well was reactivated as a potable water source. 

Furthermore, though not compliant with the terms of the TI waiver boundary, modeling 

simulations show if the residual VOC plume is allowed to leave the Site and discharge to 

the Contoocook River, the residual plume is not drawn into the South Well at 

concentrations exceeding the MCLs. 
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Appendix J contains a copy of “Tetrachloroethylene Fate and Transport Modeling, South 

Municipal Water Supply Superfund Site, Peterborough, New Hampshire” (In Aqua 

Veritas, September 2008). 

3.5 Screening of Individual Remedial Alternatives 
3.5.1 No Action 

3.5.1.1 Alternative 0 
Section 300.430(e)(6) of the NCP requires the development of a No Action alternative 

for remedial actions. In circumstances where corrective action have not yet been 

implemented, no remedial actions would be undertaken to remove, control, mitigate or 

minimize exposure to contaminated groundwater.  Considering the Site is currently 

operating a groundwater extraction and treatment system under Orders, the No Action 

alterative (Alternative 0) assumes no modifications would be made to the current 

remedy. In the event that a comparative analysis of Alternative 0 with other potential 

remedial alternatives indicates that there is no substantial benefit to the implementation 

of alternate remedy, Alternative 0 may be considered a feasible approach. 

Alternative 0 provides no effort beyond the existing remedy which includes the operation 

and maintenance of groundwater extraction wells and the groundwater treatment 

system, implementation of the extraction well preventative maintenance program and 

routine rehabilitation events, compliance sampling, routine groundwater monitoring and 

reporting. 

Alternative 0 is readily implementable; however, in consideration of the current 

performance issues, has high uncertainty with respect to its longevity and its ability to 

meet the RAOs. The cost to implement Alternative 0 over the next 30 years is estimated 

at $3,577,170. 

The No Action alternative is retained as a baseline evaluation in accordance the NCP. 

3.5.2 Institutional Controls 
3.5.1.1 Groundwater Use Restrictions 
The use of institutional controls as a remedial technology would result in the 

implementation of groundwater use restrictions at the Site and surrounding area. 

Groundwater use restrictions as implemented through the Town zoning overlay district 

HULL & ASSOCIATES, INC. 56 SEPTEMBER 2009 

MASON, OHIO NHB034.200.0020
 



  

  

 

 

 

 

 

 

 

 

 

provide management to unrestricted use of groundwater associated with the Site.  These 

restrictions were reinstated into the Town zoning on May 12, 2009 and are considered 

as part of the overall remedy. 

3.5.3 	 Containment 
3.5.3.1 Alternatives 1 and 1A – Containment through Enhancement of the Current 

Remedy 
Alternatives 1 and 1A are intended to provide containment of contaminated groundwater 

on NHBB property by the continued operation of EX-1 and EXH-3 in addition to the 

installation of (up to) four additional extraction wells proximate to the current containment 

system. The existing containment system currently operates at diminished capacity due 

to biofouling and does not achieve the necessary pumping rates required to provide 

plume containment when the South Well is operating [(taken to be 150 gpm based upon 

previous pump tests and modeling by Hull (1992) and Aries (1994)]. The additional 

proposed extraction wells would be operated simultaneously at lower pumping rates, 

decreasing the operational stresses on the any one well within the system. With multiple 

extraction wells operating at low volume, an aggregate extraction rate would be 

achieved to provide containment. 

In developing these alternatives two scenarios are evaluated, including; 

1. 	 the containment system operates essentially in perpetuity, analyzed as 30 years 
of operation (Alternative 1); and 

2. 	 the containment system operates for six years, based upon combination with 
source treatment which achieves reductions resulting in residual concentrations 
which attenuate to MCL targets at the TI waiver boundary, consistent with 
groundwater modeling scenarios (Alternative 1A). 

Alternative 1 is in essence an evaluation of simple augmentation of the current remedy 

using the technologies as contemplated in the ROD and 1997 ESD.  Alternative 1A is 

different in that it assumes additional source treatment actions are taken, and should not 

be considered singularly, but in combination with source remediation alternatives. To 

some degree, this is also carried in detailed analysis as a baseline in that it attempts to 

utilize systems in place at the Site consistent with the ROD and 1997 ESD. Figure 7 

presents a conceptual location of the additional containment wells 
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The alternatives are generally implementable.  Installation of the proposed extraction 

wells and associated piping is fairly simple, with the exception of limited workspace 

along the former rail bed. On-Site construction workers would have minimal exposure to 

contaminated media including drill cuttings, trench spoils and groundwater. Prior to 

installation, detailed utility studies would be required to determine if underground utilities 

are located proximate to the proposed alignment of the piping trench. 

The lifespan of Alternatives 1 and 1A are unknown. Though pump and treat 

containment systems have successfully operated at other sites for 30 years, the current 

biological conditions at the South Well Site place a high degree of uncertainty related to 

well operations and well performance. The current containment system requires 

extensive rehabilitation efforts every six months and the historic benefits observed 

following cleaning procedures are currently negligible. These same efforts will be 

required to allow continued operation of the containment system following enhancement 

and or in combination with source treatment. 

Capital and present worth of anticipated O&M costs for enhancement of the existing 

containment system as they related to Alternative 1 and 1A are estimated at $4,459,575 

and $2,255,740. The difference between the two alternatives lies in the anticipated 

length of system operation. Alternative 1 assumes 30 years of operation; Alternative 1A 

assumes six years of operation. 

Considering the persistent and recalcitrant biofouling observed with operating the 

extraction system and the variable geologic strata at the property boundary, there is a 

high degree of uncertainty regarding performance and effectiveness of either alternative. 

Although the stresses at the containment wells should be reduced at each particular well 

and dispersed throughout the well field, the potential for microbial populations hindering 

the operation of the containment system is considered high based upon experience and 

conditions at the Site. As a consequence there is unacceptable risk that the 

containment system would not achieve the necessary pumping rates or provide 

adequate hydraulic control.  We believe that the ability of either alternative to meet the 

RAOs has a high risk for failure given the current performance of the containment 

system; therefore, these remedial alternatives have not been considered for detailed 

evaluation in the CTS. 
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3.5.3.2 Alternatives 2, 2A and 2B – Permeable Reactive Barrier Containment 
Alternatives 2, 2A and 2B consider the installation of permeable reactive barriers (PRBs) 

of varying length to provide containment and treatment of contaminated groundwater. 

Figure 8 presents the conceptual location and length of the PRB evaluated in these 

Alternatives. Implementation of Alternatives 2, 2A and 2B are assumed to be in concert 

with some combination of source reduction alternatives. These alternatives are 

evaluated in recognition of three primary factors: 

1. 	 source treatment alternatives evaluated for this FFS will not meet RAO if 
implemented singularly (remediation of DNAPL to health based standards 
remains technically impracticable); 

2. 	 RAOs for the Site provide that contamination remaining within the TI 
waiver boundary must be contained such that no migration to 
uncontaminated areas occurs; and 

3. 	 the performance of hydraulic containment based on pump and treat 
system has proven to be ineffective at the Site. 

Alternatives 2, 2A and 2B consider the costs associated with a 600 ft., 500 ft., and 400 

ft., barrier wall, respectively.  The varied wall lengths have been evaluated in context of 

the degree of source reduction achieved by source treatment alternatives used in 

combination with the PRB. For example, if source treatment as defined by Alternative 3 

is implemented, then a more substantial wall (such as 600 feet) should be evaluated to 

contain the residual plume. PRB design, including length and placement, will be 

finalized upon the findings of pre-design activities. 

The conceptual PRB (for the purpose of this description) has been estimated at 600 ft. 

long and approximately 50 ft. deep, keying into the till layer that rests on top of the 

bedrock surface. The specific placement for plume interception has been determined 

from the current plume geometry, as determined by calibration of the groundwater 

model. The proposed location has been selected as the alignment of the wall is roughly 

coincident with a bedrock high, reducing the installation depth to allow keying into less 

permeable strata. 

Based on the results of the bench testing degradation rates, the preliminary design wall 

thickness is 3 ft. with a 0.8 ft. reaction thickness. The preliminary design assumes 1,800 

tons of 50 mesh minus iron are needed to complete the wall. Given the installation 
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depth to top of rock, construction of the wall has been assumed using traditional 

trenching techniques with long-reach excavators and biopolymer slurry to prevent the 

trench from collapsing. The sand/iron backfill will be emplaced using tremie lines filling 

the trench from the bottom up. The sand/iron mixture will displace the biopolymer slurry, 

which will be pumped back to a frac tank/mix plant and recirculated for further use. 

Hydrogen peroxide is mixed with the biopolymer slurry, acting as a degrading agent. 

The sand/iron backfill will be placed from 3 ft. bgs to the termination depth to account for 

seasonal water table fluctuation.  The remaining free-board within the trench will be 

directly filled with clean backfill using direct placement techniques. Following 

installation, the wall must be developed, which is accomplished through pumping a 

breaker enzyme through temporary development wells placed within the sand/iron 

backfill during the wall installation. Monitoring wells will also be installed within the wall 

during construction. Field tasks associated with the installation of the PRB are 

estimated between two and three months. 

To monitor the effects of the wall, four well clusters comprised of three wells each have 

been proposed for installation up and downgradient of the wall. Additionally, one well 

cluster has been assumed at each terminal end of the barrier to detect possible 

migration past the terminations of the wall. Performance monitoring for the wall at the 

proposed well clusters is anticipated trianually for period of 30 years. 

Alternatives 2, 2A and 2B are generally implementable, but have minor challenges with 

respect to construction in the tight working area of the proposed wall along the former 

rail bed and the proximity to the wetlands.  Care must be taken to avoid negative 

impacts to the wetlands during construction. 

To facilitate the installation of the PRB right-of-way access and easements to the 

property east of the Site property line and west of Route 202 are needed to allow 

construction equipment access and egress routes to the work area. Furthermore, the 

main power supply to the NHBB facility will require relocation to facilitate the installation 

of the barrier. Due to the size constraints of the work zone, staging areas for project 

materials and equipment (i.e., frac tank, iron filings, backfill, etc.) either located at the 

NHBB property or in close proximity to the work area will be required. 
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Access to property not owned or controlled by NHBB will be required for these 

alternatives. The property abutting NHBB to the north and encompassing the entirety of 

the work zone required for the PRB is owned by the A. F. Morrison Trust. 

Prior to barrier installation, the work zone would require clearing and grubbing. 

Furthermore, since the access to the proposed work area is limited in size, negotiations 

with the Town and/or State for right-away easements parallel to Route 202 are 

anticipated. A detailed utility study would be required to determine if underground 

utilities are located proximate to (either parallel or perpendicular) the proposed trench 

alignment. Utilities crossing the anticipated location of the PRB would require temporary 

re-routing during installation. 

Contractors which specialize in environmental applications such as slurry walls or other 

forms of containment will be solicited for the construction tasks associated with the PRB. 

Project schedule could be impacted by the availability of iron from Chicago (Connelly 

GPM) and the required third party negotiations (i.e., Trust, State and Town) for off-

property access. 

The estimated capital and present worth of anticipated O&M costs for the permeable 

reactive barrier at 600 feet, 500 feet, and 400 feet are approximately $5,281,920, 

$4,619,390 and $4,035,190, respectively. 

Alternatives 2, 2A and 2B have been retained for further detailed evaluations as the 

containment component for comprehensive Site remedies. 

3.5.4 Source Area Treatment 
3.5.4.1 Alternative 3 – ERH of >100,000 ug/L Treatment Zone 
Alternative 3 is intended to provide VOC mass reduction within the GZH4 source area 

through implementation of Electrical resistance Heating (ERH). As described in Section 

2.5.5.5, ERH uses the heat created from the resistance of an electrical current passing 

through the subsurface to volatilize VOCs found in soil and groundwater. VOCs which 

are transitioned to the vapor phase are captured and treated above-grade using 

standard adsorption [i.e., granular activated carbon (GAC)] or catalytic oxidizers. 
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Alternative 3 evaluates the application of ERH over the smallest areal footprint (and 

resultant treatment volume) considered in the FFS evaluations, although this area is that 

with the highest probability of DNAPL being present. The results of successful 

implementation of the alternative are considered with respect to PRGs and RAOs. In 

general, based on the results of groundwater modeling and the PRG established for the 

Site, source treatment alternatives which address only the >100,000 ug/L source volume 

require management of the residual plume to meet the Site RAO. 

Alternative 3, shown on Figure 9, considers the aggressive source treatment in the 

treatment zone defined by the >100,000 ug/L including a treatment thickness of 35 ft. of 

aquifer saturation. The treatment thickness would span from the water table (15 ft. bgs) 

to approximately 50 ft. bgs. A portion of the treatment area is under the manufacturing 

facility. The area identified for treatment in this alternative is known to contain residual 

DNAPL, confirmed by the intermittent presence of such in GZH-4U. The estimated VOC 

mass in the treatment area is 11,640 pounds. 

The conceptual design developed to implement this alternative consists of installing 38 

12-inch diameter electrodes placed on 18 ft. spacings.  The electrode conductivity zone 

includes the span from 12 to 52 ft. bgs. Vapor recovery wells would be co-located with 

each of the electrodes. Since a portion of the treatment area is present beneath the 

facility and the vertical clearance within the facility is limited to approximately 8 ft., 

angled drilling will be required for a portion of the electrodes which are targeted for the 

plume beneath the building.  The PRG for Alternative 3 is targeted for an average 99.6 

percent reduction to approximately 1,000 ug/L.  The estimated heating time to achieve 

the PRG is less than one year. 

To eliminate disruption of plant activities, all wellheads (electrodes) and remediation 

laterals will be installed subsurface.  The remedy includes the installation of eight 

temperature monitoring points consisting of nine sensors to monitor the heating of the 

treatment zone while the in the active remedial phase.  The power for the grid will be 

supplied from a power control unit which converts the power from the municipality to the 

electrode field. 

Vapors will be recovered with a 30 horsepower (hp) blower capable of pulling at least 

430 standard cubic ft. per minute (scfm).  The vapors will be sent through a treatment 
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train which will include a steam condenser and vapor phase carbon.  The condensate 

water collected from the steam condenser will be discharged to the wetlands following 

treatment. 

Routine groundwater monitoring will be completed using the methodologies developed 

by Battelle for sampling of heated media during the remedy to monitor progress of VOC 

reduction. Approximately eight confirmatory soil borings will be installed at the 

completion of the remedy; two samples from each boring will be selected for laboratory 

analysis for VOCs. 

Installation of ERH in the identified treatment zone is generally implementable; however, 

addressing the plume beneath the building provides some challenges to implementation. 

Angled drilling will be required to address the contamination beneath the building. Given 

the generally invasive nature of the technology, all treatment piping and electrode 

completions will require subsurface installation to prevent encumbrances to plant 

operations. 

During on-Site construction activities which include electrode, well and trenching 

operations, remedial workers would have moderate exposure to contaminated media 

(soil and soil vapors) and installation of these components will require the use of 

personal protective equipment (PPE). Operation of the ERH components should not 

compromise worker or by-stander health and safety. However, operation of the 

treatment components may increase on-property noise pollution. Only qualified, trained 

professionals should be allowed near the operating treatment components. 

The estimated capital and present worth of anticipated O&M costs for implementation of 

ERH for the >100,000 ug/L are $3,800,255. 

Alternative 3 will effectively meet the target PRGs within the treatment zone, however, 

plume management or containment will be necessary for at least six years to meet the 

RAO for prevention of migration of contamination beyond the TI waiver boundary. 

Singularly, the implementation of Alternative 3 will not meet RAOs for the Site. 

Furthermore, though ERH source treatment specified in Alternative 3 is expected to 

reduce source mass and associated VOC concentrations, diminishing the flux of VOCs 

to groundwater while also reducing the exposure risks associated with the on-property 
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source volume containing the highest dissolved phase VOCs concentrations and DNAPL 

through considerable reduction in VOC mass, there is likely additional DNAPL mass 

located beyond this treatment zone. Therefore, because additional mass is thought to 

remain outside the boundaries of this treatment zone, Alternative 3 will not be retained 

for further evaluation. 

3.5.4.2 Alternative 3A – ERH of >100,000 ug/L Modified Treatment Zone 
As with Alternative 3, Alternative 3A uses ERH technology to remove VOC mass in the 

target treatment zone, near the GZH-4 source area. Alternative 3A considers 

implementation of source treatment in a modified treatment footprint as shown on Figure 

10. The anticipated treatment area and volume are 47% and 53% larger than 

Alternative 3. The VOC mass to be treated in Alternative 3A is estimated at 14,500 

pounds. The treatment thickness has been estimated for the upper 35 ft. of aquifer 

saturation, encompassing the water table (15 ft. bgs) to approximately 50 ft. bgs. Similar 

to Alternative 3, a portion of the treatment area is under the manufacturing facility.  The 

additional volume treated in Alternative 3A (compared to Alternative 3) provides more 

certainty to the destruction of potential DNAPL residuals located in and near the GZH-4 

source area. 

The preliminary conceptual design developed in consideration of Alternative 3A consists 

of installing 58 12-inch diameter electrodes placed on 19.7 ft. spacings.  The electrode 

conductivity zone includes the span from 12 to 50 ft. bgs.  Vapor recovery wells would 

be co-located with each of the electrodes. Since a portion of the treatment area is 

present beneath the facility and the vertical clearance within the facility is limited to 

approximately 8 ft., angled drilling will be required for a portion of the electrodes which 

are targeted for the plume beneath the building. The PRG for Alternative 3A is targeted 

for an average 99.6 percent reduction to approximately 1,000 ug/L. The estimated 

heating time to achieve the PRG is less than one year. 

To eliminate disruption of plant activities, all wellheads (electrodes) and remediation 

laterals will be installed subsurface.  The remedy includes the installation of eight 

temperature monitoring points consisting of nine sensors to monitor the heating of the 

treatment zone while the in the active remedial phase.  The power for the grid will be 

supplied from a power control unit which converts the power from the municipality to the 

electrode field. 
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Vapors will be recovered with a 40 horsepower (hp) blower capable of pulling at least 

490 standard cubic ft. per minute (scfm).  The vapors will be sent through a treatment 

train which will include a steam condenser and vapor phase carbon.  The condensate 

water collected from the steam condenser will be discharged to the wetlands following 

treatment under the substantive requirements of NPDES. 

Routine groundwater monitoring will be completed using the methodologies developed 

by Battelle for sampling of heated media during the remedy to monitor progress of VOC 

reduction. Approximately ten confirmatory soil borings will be installed at the completion 

of the remedy; two samples from each boring will be selected for laboratory analysis for 

VOCs. 

Though this alternative will provide source mass reduction, a residual plume will remain 

on-property following implementation of the remedy. The residual plume will require 

compliance boundary management or renegotiation of remedial goals at the property 

line. 

Installation of ERH in the identified treatment zone is generally implementable; however, 

addressing the plume beneath the building provides some challenges to implementation. 

Angled drilling will be required to address the contamination beneath the building. Given 

the generally invasive nature of the technology, all treatment piping and electrode 

completions will require subsurface installation to prevent encumbrances to plant 

operations. 

During on-Site construction activities which include electrode, well and trenching 

operations, remedial workers would have moderate exposure to contaminated media 

(soil and soil vapors) and installation of these components will require the use of PPE. 

Operation of the ERH components should not compromise worker or by-stander health 

and safety. However, operation of the treatment components may increase on-property 

noise pollution. Only qualified, trained professionals should be allowed near the 

operating treatment components. 

The estimated capital and present worth of anticipated O&M costs for implementation of 

ERH for the >100,000 ug/L Modified Treatment Zone are $5,789,010. 
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Singularly, the implementation of Alternative 3A will not meet RAOs for the Site; 

however, Alternative 3A is capable of achieving or exceeding the PRG.  Implementation 

of Alternative 3A reduces the exposure risks associated with the on-property source 

area (and volume) containing the highest dissolved phase VOCs concentrations and 

DNAPL through considerable reduction in VOC mass.  The targeted mass reduction 

would diminish the VOC flux into groundwater and reduce the probable sources which 

may contribute to the potential for vapors to migrate into the NHBB building. Alternative 

3A will require plume management for at least six years to meet the RAO for prevention 

of migration of contamination beyond the TI waiver boundary. 

Alternative 3A will be retained for further consideration and evaluation as part of a CTS. 

3.5.4.3 Alternative 4 - ISTD and SEE of >100,000 ug/L Treatment Zone 
Alternative 4 is intended to provide VOC mass reduction within the GZH4 source area 

through implementation of In-Situ Thermal destruction (ISTD) coupled with Steam 

Enhanced Extraction (SEE). Alternative 4 evaluates the application of ISTD/SEE over 

the smallest areal footprint (and resultant treatment volume) considered in the FFS 

evaluations. Alternative 4 considers the application of ISTD through heater wells to heat 

the subsurface by conductive heating which radiates away from the heater wells. As 

with ERH, the increases subsurface temperatures cause VOCs to volatilize to the vapor 

phase where they can be extracted using SVE. With this alternative, ISTD would be 

applied to the upper portions of the aquifer where the less permeable silty materials are 

found. In the lower portions of the treatment zone, made up of fine to medium grained 

sand, SEE would be used to remediate due to the higher porosities/permeability found 

within the sand. In the conceptual evaluation for this alternative, the treatment volume 

was split evenly between the two remedial processes at 6,890 cubic yards each. 

VOCs that are transitioned to the vapor phase are captured and treated above-grade 

using standard adsorption (GAC) or catalytic oxidizers.  In consideration of Alternative 4, 

the treatment zone has been defined by the >100,000 ug/L isoconcentration (as defined 

by the source area work) and is shown on Figure 9.  The treatment thickness has been 

estimated for the upper 35 ft. of aquifer saturation, encompassing from the water table 

(15 ft. bgs) to approximately 50 ft. bgs. A portion of the treatment area is under the 

manufacturing facility. The area identified for treatment in this alternative is known to 
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contain residual DNAPL, confirmed by the intermittent presence of such in GZH-4U. 

The estimated VOC mass in the treatment area is 11,640 pounds. 

The preliminary conceptual design to implement this alternative consists installing of 87 

four-inch heater wells which address a treatment thickness from approximately the water 

table to 33 ft. bgs.  Additionally, 17 vertical SVE wells are to be installed at the center of 

the hexagonal heater well arrays for the thermal conductive heating (TCH) technology. 

Eighteen steam injection wells will be installed in both the upper and lower treatment 

zones (total of 36 steam wells). The lower treatment zone extends from 33 ft. bgs to 50 

ft. bgs. Four steam extraction wells will be installed in both the upper and lower 

treatment zones (total of eight steam extraction wells).  In summary, this technology will 

require the installation of 148 remedial wells as well, 8 temperature monitoring probes. 

Given the smaller diameter of the heater wells, as compared with ERH wells, installation 

of the remedial components are assume to preclude the need for angled drilling and the 

heater/SVE wells will be installed by traditional means.  The heating zone includes the 

vertical span from 15 to 50 ft. bgs.  The RAO for Alternative 4 is targeted for an average 

99.6 percent reduction to approximately 1,000 ug/L. The estimated heating time to 

achieve the RAO is less than one year. 

To provide limited disruption of plant activities, all wellheads (electrodes) and 

remediation laterals will be installed subsurface with subsurface completions. The 

remedy includes the installation of eight temperature monitoring points consisting of 14 

temperature sensors to monitor the heating of the treatment zone while the in the active 

remedial phase. 

The power for the grid will be supplied from a 514 KW power control unit which converts 

the power from the municipality to the heater well arrays.  As the subsurface is heated, 

water will be re-introduced at an anticipated rate of 9 gpm. Steam will be generated on-

Site from a generator with a 4,500 lb/hour capacity. If necessary, the existing 

groundwater pump and treat system may be used at low rates (less than 25 gpm) to 

provide hydraulic control of water in the treatment zone. 

Vapors will be recovered with a blower capable of pulling at least 700 scfm; the vapors 

will be sent through a treatment train which will include a steam condenser and off-gas 

treatment (assumed at this time) using a thermal oxidizer.  The condensate water 
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collected from the steam condenser will be discharged to the wetlands following 

treatment. 

Routine groundwater monitoring will be completed using the methodologies developed 

by Battelle for sampling of heated media during the remedy to monitor progress of VOC 

reduction. Approximately eight confirmatory soil borings will be installed at the 

completion of the remedy; two samples from each boring will be selected for laboratory 

analysis for VOCs. 

Installation of ISTD/SEE in the identified treatment zone is generally implementable; 

however, addressing the plume beneath the building provides some challenges to 

implementation. Given the generally invasive nature of the technology, all treatment 

piping and electrode completions will require subsurface installation to prevent 

encumbrances to plant operations. 

During on-Site construction activities which include electrode, well and trenching 

operations, remedial workers would have moderate exposure to contaminated media 

(soil and soil vapors) and installation of these components will require the use of PPE. 

Operation of the ISTD/SEE components should not compromise worker or by-stander 

health and safety. However, operation of the treatment components may increase on-

property noise pollution. Only qualified, trained professionals should be allowed near 

the operating treatment components. 

The estimated capital and present worth of anticipated O&M costs for implementation of 

ISTD/SEE for the >100,000 ug/L Treatment Zone are $4,126,745. 

Singularly, the implementation of Alternative 4 will not meet RAOs but the technology is 

capable of meeting or exceeding the PRG. Similar to Alternative 3, the delineation of the 

treatment zone for Alternative 4 does not likely encompass the majority of the areal 

footprint of the aquifer suspected to contain DNAPL.  Furthermore, there is concern that 

the SEE portion of the treatment may allow for mobilization of either DNAPL or high 

concentration VOCs outside of the treatment zone if sustained inward gradients are not 

achieved during operation. For these reasons, Alternative 4 will not be retained for 

further evaluation. 
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3.5.4.4. Alternative 5 – ISCO of >100,000 ug/L Treatment Zone 
Alternative 5 is intended to provide VOC mass reduction within the GZH-4 source area 

through implementation of In-Situ Chemical Oxidation (ISCO).  ISCO process options 

which were retained for consideration at the Site include catalyzed hydrogen peroxide 

(CHP) and potassium permanganate (KMnO4) either singularly or in combinations to 

address the treatment zone depicted in Figure 9. Due to its poor performance at the 

bench level, activated persulfate ISCO was not retained for consideration in detailed 

remedial evaluations. The areal footprint of the treatment zone is roughly defined by the 

>100,000 ug/L isoconcentration with an application thickness estimated from the water 

table to approximately 50 ft. bgs (35 ft. treatment thickness).  The PRG for this 

alternative is 1,000 ug/L, resulting in an average 99.6% reduction in VOC 

concentrations. The estimated VOC mass within the treatment zone is 11,640 total 

pounds. 

Alternative 5 evaluates the application of ISCO over the smallest areal footprint (and 

resultant treatment volume) considered in the FFS evaluations. The results of 

successful implementation of the alternative are considered with respect to the PRGs 

and RAOs. In general, based on the results of groundwater modeling and the PRG 

established for the Site, source treatment alternatives which address only the >100,000 

ug/L source volume require management of the residual plume to meet the Site RAO. 

The conceptual design for Alternative 5 includes CHP as the primary oxidant to be used 

for both pilot scale testing and full scale treatment. CHP has been selected as the 

primary oxidant due to the results of the bench scale testing and its ability to degrade 

both the chlorinated ethenes (PCE and TCE) and the 1,1,1-TCA detected in the 

treatment zone. KMnO4 will be used as a polishing oxidant to address the remaining 

VOCs following the CHP applications. KMnO4 should perform well as a polisher given 

its longer reactive life in the subsurface. 

Full scale implementation includes the installation of 26 permanent injection clusters with 

application depths ranging from 15 to 50 ft. consisting of seven ft. vertical target 

intervals. A radius of influence has been assumed at 12 ft. Approximately 465,680 

pounds of CHP are estimated for application in both the pilot and full scale phases.  This 

equates to approximately 1,151,262 gallons of CHP oxidant solution. The polishing step 

includes the preparation of approximately 130,029 pounds of KMnO4 resulting in 
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416,262 gallons of permanganate solution for injection. The injection durations range 

from 29 days for pilot testing, 44 days for the full scale CHP application and 25 days for 

the polishing step. Application rates were estimated between 3.0 and 3.5 gpm per 

injection location. 

Although the oxidant reaction times and gas evaluation could be sequestered in the lab, 

this remedial alternative assumes the necessity of a vapor mitigation system beneath the 

building to protect worker health and safety and control remedial off-gassing. The 

preliminary design of the system includes vapor recovery from the gravel sub base 

beneath the manufacturing floor where the highest likelihood of gas collection would 

occur. A low-vacuum, high air flow blower will be used to recover the gases; recovered 

vapors will be sent through GAC treatment prior to atmospheric discharge. Care must 

be taken in the operation of the recovery system to prevent enhanced vapor phase 

migration of VOCs into the sub slab materials which could result in increased vapor 

intrusion risks. 

Routine groundwater sampling will be completed to monitor the remedial progress and 

the overall effects of the oxidants on VOC concentrations (i.e., reduction or rebound). 

Pending the outcome of pilot testing or ongoing remedial monitoring during full scale 

implementation, modifications to the conceptual application strategy may be needed, 

including the oxidant dosing or the use of a particular oxidant in general to provide 

beneficial outcome.  It may also be necessary to abort oxidant applications if beneficial 

reductions are not being observed or if technical and mechanical difficulties are noticed 

during injection (i.e., high back pressures resulting from reduced aquifer permeabilities 

due to precipitation of Fe and Mn oxides). 

ISCO applications in the identified treatment zone are generally implementable; 

however, to address contaminant beneath the building, drilling within the facility would 

be needed to apply the oxidants.  Alternative 5 has the potential to effectively and 

quickly reduce VOC mass in the specified treatment zone pending successful contact of 

the oxidant with the VOCs contaminants. If successful application is achieve, Alternative 

5 has the potential to meet the PRGs; singularly, Alternative 5 would not achieve the 

RAOs. Since the deposits within the target treatment zone are highly heterogeneous, 

there is high uncertainty that successful contact can be achieved between the 
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contaminant and the oxidant. Furthermore, the literature documents a large number of 

cases where contaminant rebounds are noticed following ISCO applications. 

The estimated capital and present worth of anticipated O&M costs for implementation of 

ISCO for the >100,000 ug/L Treatment Zone are $4,447,450. 

As determined from groundwater modeling, continued containment will be necessary for 

a period of at least six years following source reduction measures.  Due to the stresses 

on the performance of pump and treat from biological fouling, the preferred technology of 

containment is a permeable reactive barrier.  If ISCO applications were not exhausted by 

the time the treated groundwater reached the reactive barrier, premature exhaustion of 

the iron may take place.  For these reasons, as well as, there is suspected DNAPL 

beyond the delineated treatment zone (>100,000 ppb), Alternative 5 will not be retained 

for further evaluation. 

3.5.4.5 Alternative 6 – ERH of >10,000 ug/L Treatment Zone 
Similar to Alternative 3, Alternative 6 applies aquifer heating using ERH to the treatment 

area encompassed by the >10,000 ug/L isoconcentration, as shown on Figure 11, to a 

depth of approximately 50 ft. bgs. As with Alternatives 3 and 3A, this remedial scenario 

includes a portion of the treatment beneath the manufacturing facility. 

Alternative 6 evaluates the application of ERH over an areal footprint (and resultant 

treatment volume) defined by the >10,000 ug/L isoconcentration line. As discussed in 

the “Source Area Delineation Summary Report” (Hull November 2007), the 10,000 ug/L 

isoconcentration line is roughly equivalent to the plume area defined by VOC 

concentrations in excess of 1% of the effective solubility of the VOC solution. The area 

defined by this line would include the largest area suspected of containing residual 

DNAPL on-property. 

The preliminary conceptual design developed for Alternative 6 consists of advancing 92 

twelve-inch diameter electrodes installed at 20 ft. spacings. The electrode conductivity 

zone includes the vertical span from 12 to 52 ft. bgs. Ninety-two vapor recovery wells 

are to be co-located with the electrodes.  Since a portion of the treatment area is present 

beneath the facility and the vertical clearance within the facility is limited to 

approximately eight ft., angled drilling will be required for a portion of the electrodes 
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which are targeted to treat the plume beneath the building. The PRG for Alternative 6 is 

targeted for an average 99 to 99.6 percent reduction to approximately 1,000 ug/L. The 

estimated heating time to achieve the PRG is less than one year. The estimated VOC 

mass within the treatment zone is 15,307 total pounds. 

To eliminate disruption of plant activities, all wellheads (electrodes) and remediation 

laterals will be installed subsurface. The remedy includes installation of eight 

temperature monitoring points consisting of 16 sensors to monitor the heating of the 

treatment zone while the in the active remedial phase.  The power for the grid will be 

supplied from a 4,000 kW power control unit which converts the power from the 

municipality to the electrode field. 

Vapors will be recovered with a 70 hp blower capable of pulling at least 900 scfm.  The 

vapors will be sent through a treatment train which will include a steam condenser and 

vapor phase carbon.  The condensate water collected from the steam condenser will be 

discharged to the wetlands. 

Routine groundwater monitoring will be completed, using the methodologies developed 

by Battelle for sampling of heated media, during the remedy to monitor progress of VOC 

reduction. Approximately 20 direct-push confirmatory soil borings will be installed at the 

completion of the remedy; two samples from each boring will be selected for laboratory 

analysis for VOCs. 

Installation of ERH in the identified treatment zone is generally implementable; however, 

addressing the plume beneath the building provides some challenges to implementation. 

Angled drilling will be required to address the contamination beneath the building. Given 

the generally invasive nature of the technology, all treatment piping and electrode 

completions will require subsurface installation to prevent encumbrances to plant 

operations. 

The estimated capital and present worth of anticipated O&M costs for implementation of 

ERH for the >10,000 ug/L Treatment Zone are $7,925,750. 

The results of successful implementation of the alternative are considered with respect 

to the PRGs, and RAOs. In general, based on the results of groundwater modeling and 
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the PRG established for the Site, source treatment alternatives which address only the 

>10,000 ug/L source volume require management of the residual plume to meet the Site 

RAO. Therefore, singularly, Alternative 6 will not achieve the RAOs; however, there is a 

low degree of uncertainty with respect to the ERH technology’s ability to effectively 

reduce VOC concentrations in the target treatment zone to PRGs. 

Alternative 6 will be retained for further consideration and evaluation as part of a CTS. 

3.5.4.6 Alternative 7 - ISTD and SEE of Treatment Zone >10,000 ug/L 
Similar to Alternative 4, Alternative 7 applies aquifer heating using ISTD heater wells and 

SEE to the treatment area encompassed by the >10,000 ug/L isoconcentration, as 

shown on Figure 11, to a depth of approximately 50 ft. bgs.  As with Alternatives 4, this 

remedial alternative includes a portion of the treatment beneath the manufacturing 

facility. Alternative 7 is accomplished by applying TCH to approximately 24,644 cubic 

yards in the upper portion of the aquifer while the lower portion of the aquifer is 

remediated using SEE, approximately 15,107 cubic yards. 

Alternative 7 evaluates the application of ISTD/SEE over an areal footprint (and resultant 

treatment volume) defined by the >10,000 ug/L isoconcentration line. As discussed in 

the “Source Area Delineation Summary Report”, (Hull November 2007), the 10,000 ug/L 

isoconcentration line is roughly equivalent to the plume area defined by VOC 

concentrations in excess of 1% of the effective solubility of the VOC solution. The area 

defined by this line would include the largest area suspected of containing residual 

DNAPL on-property. 

The preliminary conceptual design to implement Alternative 7 requires installing 222 

four-inch heater wells which address a treatment thickness from approximately the water 

table to 37 ft. bgs.  Additionally, 45 vertical SVE wells are to be installed at the center of 

the hexagonal heater well arrays for the TCH technology.  Twenty-one steam injection 

wells will be installed in both the upper and lower treatment zones (total of 42 steam 

wells). The lower treatment zone extends from 37 ft. bgs to 50 ft. bgs. An additional 30 

temperature monitoring probes will be installed to track the progress of subsurface 

heating. Given the smaller diameter of the heater wells, installation of the remedial 

components are assume to preclude the need for angled drilling and the heater/SVE 

wells will be installed by traditional means (i.e., some of the wells will be installed 
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vertically through the building floor). The heating zone includes the vertical span from 15 

to 50 ft. bgs. The PRG for Alternative 7 is targeted for an average 99 to 99.6 percent 

reduction to approximately 1,000 ug/L. 

The power for the grid will be supplied from a power control unit capable of providing a 

minimum of 1,570 kW. As the subsurface is heated, water will be re-introduced at an 

anticipated rate of 21 gpm.  Steam will be generated on-Site from a generator with a 

10,500 lb/hour capacity.  If necessary, the existing groundwater pump and treat system 

may be used at low rates (less than 50 gpm) to provide hydraulic control of water in the 

treatment zone. 

Vapors will be recovered with a blower capable of pulling at least 1,800 scfm.  The 

vapors will be sent through a treatment train which will include a steam condenser and 

off-gas treatment (assumed at this time) by a thermal oxidizer.  The condensate water 

collected from the steam condenser will be discharged to the wetlands following 

treatment. 

Routine groundwater monitoring will be completed (using the methodologies developed 

by Battelle for sampling of heated media) during the remedy to monitor progress of VOC 

reduction. Approximately 20 direct-push confirmatory soil borings will be installed at the 

completion of the remedy; two samples from each boring will be selected for laboratory 

analysis for VOCs. 

Installation of ISTD/SEE in the identified treatment zone is generally implementable; 

however, addressing the plume beneath the building provides some challenges to 

implementation. Given the generally invasive nature of the technology, all treatment 

piping and electrode completions will require subsurface installation to prevent 

encumbrances to plant operations. Alternative 7 will not singularly achieve the RAO, but 

the technology is capable of meeting or exceeding the PRG as established by the 

groundwater modeling. 

The estimated capital and present worth of anticipated O&M costs for implementation of 

ISTD/SEE for the >10,000 ug/L Treatment Zone are $8,202,965. 
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Though ISTD/SEE is expected to reduce source mass and associated VOC 

concentrations, diminishing the flux of VOCs to groundwater, the 

SEE portion of the treatment has the potential to mobilized DNAPL or highly impacted 

groundwater if an inward gradient is not maintained during operation. Therefore, due to 

the potential to mobilize DNAPL, Alternative 7 has not been retained for further 

evaluation. 

3.5.4.7 Alternative 8 – ISCO of >10,000 ug/L Treatment Zone 
Description 

Alternative 8 is intended to provide VOC mass reduction within the GZH4 source area 

through implementation of ISCO. ISCO process options which were retained for 

consideration at the Site include CHP and KMnO4, either singularly or in combinations, 

to address the treatment zone depicted in Figure 11.  The areal footprint of the treatment 

zone is roughly defined by the >10,000 ug/L isoconcentration with an application 

thickness estimated from the water table to approximately 50 ft. bgs (35 ft. treatment 

thickness). The PRG for this alternative is 1,000 ug/L, resulting in concentration 

reductions ranging from 99 to 99.6%. 

Alternative 8 evaluates the application of ISCO over an areal footprint (and resultant 

treatment volume) defined by the >10,000 ug/L isoconcentration line. As discussed in 

the “Source Area Delineation Summary Report”, (Hull November 2007), the 10,000 ug/L 

isoconcentration line is roughly equivalent to the plume area defined by VOC 

concentrations in excess of 1% of the effective solubility of the VOC solution. The area 

defined by this line would include the largest area suspect of containing residual DNAPL 

on-property. 

The conceptual design for this alternative includes CHP as the primary oxidant to be 

used for both pilot scale testing and full scale treatment. As with Alternative 5, CHP has 

been selected as the primary oxidant due to the results of the bench scale testing and its 

ability to degrade both the chlorinated ethenes (PCE and TCE) and the 1,1,1-TCA 

detected in the treatment zone. KMnO4 will be used as a polishing oxidant assumed to 

address the remaining VOCs following the CHP applications. 

Full scale implementation includes the installation of 75 permanent injection clusters with 

application depths ranging from 15 to 50 ft. with seven ft. vertical target intervals.  A 
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radius of influence has been assumed at 12 ft. Approximately 905,480 (total) pounds of 

CHP are estimated for application in both the pilot and full scale phases. This equates 

to approximately 2,538,059 gallons of CHP oxidant solution consisting of 4% hydrogen 

peroxide. The polishing step includes the preparation of approximately 238,971 pounds 

of KMnO4 resulting in 1,204,215 gallons of permanganate solution for injection. The 

injection durations range from 29 days for pilot testing, 74 days for the full scale CHP 

application and 20 days for the polishing step.  Application rates were estimated 

between 3.0 and 3.5 gpm per injection location. 

Similar to Alternative 5, this remedial alternative assumes the necessity of a vapor 

mitigation system beneath the building to protect worker health and safety and control 

remedial off-gassing. The preliminary design of the system includes vapor recovery 

from the gravel sub base beneath the manufacturing floor where the highest likelihood of 

gas collection would occur. A low-vacuum, high air flow blower will be used to recover 

the gases; recovered vapors will be sent through GAC treatment prior to atmospheric 

discharge. Care must be taken in operation of the recovery system to prevent enhanced 

vapor migration of VOCs into the sub slab materials which could result in increased 

vapor intrusion risks. 

Pending the outcome of pilot testing or ongoing remedial monitoring during full scale 

implementation, modifications may be needed to the conceptual application strategy 

including the oxidant dosing or the use of a particular oxidant in general to provide 

beneficial outcome.  It may also be necessary to abort oxidant applications if beneficial 

reductions are not being observed or if technical and mechanical difficulties are noticed 

during injection (i.e., high back pressures resulting from reduced aquifer permeabilities 

due to precipitation of Fe and Mn oxides). 

ISCO applications in the identified treatment zone are generally implementable; 

however, to address contaminant beneath the building, drilling within the facility would 

be needed to apply the oxidants.  The difficulty with the ISCO remedy lies with the 

effective delivery and contact of the oxidants with the contaminants. Therefore, because 

of subsurface heterogeneities, there is uncertainty with respect to the success of this 

technology to reduce source mass at the Site. 
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During most on-Site activities related to injection and oxidant applications, workers 

would have minimal exposure to contaminated media with the exception of drill cuttings 

and potentially groundwater. As Alternative 8 calls for the injection of oxidants, increase 

risk of adverse chemical exposures may be present to workers who trespass into areas 

storing the oxidants. Oxidants should only be handled and applied by trained 

professionals experienced with their applications. 

The estimated capital and present worth of anticipated O&M costs for implementation of 

ISCO for the >10,000 ug/L Treatment Zone are $6,645,630. 

If Alternative 8 achieves successful application (i.e. contact with contaminants) of ISCO 

reagents, the alternative could be capable of meeting the PRGs; applied singularly 

Alternative 8 could not achieve the RAOs. Similar to those reasons outlined for 

Alternative 5 such as oxidant contact difficulties, concentration rebound and potential 

interference with the proposed PRB, Alternative 8 has not been retained for further 

evaluation. 

3.5.4.8 Alternative 9 – ERH of >1,000 ug/L Treatment Zone 
Alternative 9 considers the application of aquifer heating using ERH to the treatment 

area encompassed by the >1,000 ug/L isoconcentration line as shown on Figure 12, to a 

depth of approximately 50 ft. bgs.  A portion of the treatment area is under the 

manufacturing facility. Approximately 16,245 pounds of total VOC are estimated in the 

treatment zone for Alternative 9. 

The preliminary conceptual design considered for Alternative 9 consists of installing of 

162 twelve inch diameter electrodes installed at 20 ft. spacings. The electrode 

conductivity zone includes the span from 12 to 52 ft. bgs.  One hundred sixty-two vapor 

recovery wells are to be co-located with the electrodes. Since a portion of the treatment 

area is present beneath the facility and the vertical clearance within the facility is limited 

to approximately 8 ft., angled drilling will be required for a portion of the electrodes which 

are targeted for the plume beneath the building.  The PRG for Alternative 9 is targeted 

for an average 99.95 percent reduction to approximately 1,000 ug/L.  The estimated 

heating time to achieve the PRG is less than one year. 
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To eliminate disruption of plant activities, all well-head (electrodes) and remediation 

laterals will be installed subsurface. The remedy includes the installation of 24 

temperature monitoring points consisting of nine sensors to monitor the heating of the 

treatment zone while in the active remedial phase.  The power for the grid will be 

supplied from a power control unit which converts the power from the municipality to the 

electrode field. 

Vapors will be recovered with a 100 hp blower capable of pulling at least 1,390 scfm. 

The vapors will be sent through a treatment train which will include a steam condenser 

and vapor phase carbon. The condensate water collected from the steam condenser 

will be discharged to the wetlands following treatment. 

Routine groundwater monitoring will be completed (using the methodologies developed 

by Battelle for sampling of heated media) during the remedy to monitor progress of VOC 

reduction. Approximately 25 confirmatory soil borings will be installed at the completion 

of the remedy; two samples from each boring will be selected for laboratory analysis for 

VOCs. 

Installation of ERH in the identified treatment zone is generally implementable; however, 

addressing the plume beneath the building provides some challenges to implementation. 

Angled drilling will be required to address the contamination beneath the building. Given 

the generally invasive nature of the technology, all treatment piping and electrode 

completions will require subsurface installation to prevent encumbrances to plant 

operations. However, the large treatment area will likely cause traffic pattern and 

parking hindrances during the system installation phase which could have negative 

impacts to plant operations. To alleviate disruptions to plant operations, phased 

installation may be necessary to allow for continued traffic patterns. 

The estimated capital and present worth of anticipated O&M costs for implementation of 

ERH for the >1,000 ug/L Treatment Zone are $12,346,915. 

Alternative 9 has the capability to meet or exceed the PRG for source treatment within 

the treatment zone.  However, plume management or containment still is necessary for 

at least six years to meet the RAO for prevention of migration of contamination beyond 

HULL & ASSOCIATES, INC. 78 SEPTEMBER 2009 

MASON, OHIO NHB034.200.0020
 



  

  

 

  

 

 

 

 

the TI waiver boundary. Therefore in consideration of the high capital cost for the source 

treatment alone, Alternative 9 has not been retained for further consideration. 

3.5.4.9 Alternative 10 - ISTD and SEE of Treatment Zone >1,000 ug/L 
Alternative 10 considers the application of aquifer heating using ISTD heater wells and 

SEE, to the treatment area defined by the >1,000 ug/L isoconcentration, as shown on 

Figure 12, to a depth of approximately 50 ft. bgs.  Aquifer treatment considered in 

Alternative 10 is accomplished by applying TCH to approximately 47,772 cubic yards in 

the upper portion of the aquifer while the lower portion of the aquifer, approximately 

20,477 cubic yards, is remediated using SEE. Approximately 16,245 total pounds of 

VOCs are estimated in the treatment zone. 

The preliminary conceptual design considered for Alternative 10 consists installing of 

383 four-inch heater wells which address a treatment thickness from approximately the 

water table to 40 ft. bgs.  Additionally, 84 vertical SVE wells are to be installed at the 

center of the hexagonal heater well arrays for the TCH technology.  Sixty-two steam 

injection wells will be installed in both the upper and lower treatment zones (total of 124 

steam wells). The lower treatment zone extends from 40 ft. bgs to 50 ft. bgs.  Sixteen 

steam extraction wells will be installed in both the upper and lower treatment zones (32 

total steam extraction wells).  In summary, this technology will require the installation of 

623 remedial wells. An additional 45 temperature monitoring probes will be installed to 

track the progress of subsurface heating. Given the smaller diameter of the heater 

wells, installation of the remedial components are assume to preclude the need for 

angled drilling and the heater/SVE wells will be installed by traditional means.  The 

heating zone includes the vertical span from 15 to 50 ft. bgs.  The PRG for Alternative 10 

is targeted for an average 99.95% percent reduction to approximately 1,000 ug/L. 

The power for the grid will be supplied from a power control unit capable of providing a 

minimum of 3,002 kW. As the subsurface is heated, water will be re-introduced at an 

anticipated rate of 31 gpm.  Steam will be generated on-Site from a generator with a 

15,500 lb/hour capacity.  If necessary, the existing groundwater pump and treat system 

or modification to the existing system may be used to provide hydraulic control of water 

in the treatment zone. 
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Vapors will be recovered with a blower capable of pulling at least 2,800 scfm.  The 

vapors will be sent through a treatment train which will include a steam condenser and 

off-gas treatment (assumed at this time) by a thermal oxidizer.  The condensate water 

collected from the steam condenser will be discharged to the wetlands following 

treatment. 

Routine groundwater monitoring will be completed (using the methodologies developed 

by Battelle for sampling of heated media) during the remedy to monitor progress of VOC 

reduction. Approximately 25 direct-push confirmatory soil borings will be installed at the 

completion of the remedy; two samples from each boring will be selected for laboratory 

analysis for VOCs. 

Installation of ISTD/SEE in the identified treatment zone is generally implementable; 

however, addressing the plume beneath the building provides some challenges to 

implementation. Angled drilling may be required to address the contamination beneath 

the building. Given the generally invasive nature of the technology, all treatment piping 

and electrode completions will require subsurface installation to prevent encumbrances 

to plant operations. However, the large treatment area will likely cause traffic pattern 

and parking hindrances during the system installation phase which could have negative 

impacts to plant operations. To alleviate disruptions to plant operations, phased 

installation may be necessary to allow for continued traffic patterns. 

The estimated capital and present worth of anticipated O&M costs for implementation of 

ISTD/SEE for the >1,000 ug/L Treatment Zone are $10,909,505. 

Alternative 10 has the capability to meet or exceed the PRG for source treatment within 

the treatment zone.  However, plume management or containment still is necessary for 

at least six years to meet the RAO for prevention of migration of contamination beyond 

the TI waiver boundary. Additionally, the SEE portion of the alternative has the potential 

to mobilize DNAPL.  Therefore, considering the high capital cost for the source treatment 

alone, as well as the potential to mobilize DNAPL, Alternative 10 has not been retained 

for further evaluations. 

3.5.4.10 Alternative 11 – ISCO of >1,000 ug/L Treatment Zone 
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Alternative 11 considers the use of CHP and/or KMnO4 as a source reduction remedy in 

the treatment zone which encompasses the >1,000 ug/L isoconcentration as shown on 

Figure 12 to a depth of approximately 50 ft. bgs. Pricing for this scenario has been 

based on application of KMnO4 only; however, exact chemistries and application 

strategies may be modified following pilot testing, particularly due to the presence of 

both chlorinated ethenes and ethanes in the treatment area.  The treatment area 

consists of approximately 78,100 cubic yards of aquifer containing an estimated 16,345 

pounds of total VOCs.  The PRG for this alternative is 1,000 ug/L resulting in an average 

98.9 to 99.6% reduction in VOC concentrations. 

Full scale implementation includes the installation of 46 permanent injection clusters with 

application depths ranging from 10 to 50 ft. with ten ft. vertical target intervals. A radius 

of influence has been assumed at 20 ft.  Approximately 773,923 pounds of KMnO4 are 

estimated for over two applications.  This equates to approximately 2,893,767 gallons of 

oxidant solution.  Application rates were estimated between 3.0 and 3.5 gpm per 

injection location, resulting in approximately 502 injection days. 

As with the other ISCO alternatives, this remedy assumes the necessity of a vapor 

mitigation system beneath the building to protect worker health and safety and control 

off-gassing of the oxidant.  The preliminary design of the system includes vapor recovery 

from the gravel sub base beneath the manufacturing floor where the highest likelihood of 

gas collection would occur. A low-vacuum, high air flow blower will be used to recover 

the gases; recovered vapors will be sent through GAC treatment prior to atmospheric 

discharge. Care must be taken in operation of the recovery system to prevent enhanced 

vapor migration of VOCs into the sub slab materials which could result in increased 

vapor intrusion risks. 

Routine groundwater monitoring will be completed to monitor the remedial progress and 

the overall effects of the oxidants on VOC concentrations (i.e., reduction or rebound). 

Though this alternative will likely provide source mass reduction there is a higher 

likelihood for VOC rebound than with thermal options.  Furthermore, there is a higher 

degree of uncertainty with ISCO technologies with respect to meeting the RAO due to 

the aquifer heterogeneity in the treatment area, and the necessary oxidant contact 

needed for success treatment. 
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Pending the outcome of pilot testing or ongoing remedial monitoring during full scale 

implementation, modifications may be needed to the conceptual application strategy 

including the oxidant dosing or the use of a particular oxidant in general to provide 

beneficial outcome.  It may also be necessary to abort oxidant applications if beneficial 

reductions are not being observed or if technical and mechanical difficulties are noticed 

during injection (i.e., high back pressures resulting from reduced aquifer permeabilities 

due to precipitation of Fe and Mn oxides). 

ISCO applications in the identified treatment zone are generally implementable; 

however, to address contaminant beneath the building, drilling within the facility would 

be needed to apply the oxidants. During most on-Site activities related to injection and 

oxidant applications, workers would have minimal exposure to contaminated media with 

the exception of drill cuttings and potentially groundwater. As Alternative 11 calls for the 

injection of oxidants, increase risk of adverse chemical exposures may be present to 

workers who trespass into areas storing the oxidants. Oxidants should only be handled 

and applied by trained professionals experienced with their applications. Implementation 

of the ISCO treatment is estimated at two years, including pilot testing and full scale 

applications. 

The estimated capital and present worth of anticipated O&M costs for implementation of 

ISCO for the >1,000 ug/L Treatment Zone are $9,163,860. 

Singularly, the implementation of Alternative 11 will not meet the RAOs for the Site. 

ISCO source treatment specified in Alternative 11 is expected to reduce source mass 

and associated VOC concentrations, diminishing the flux of VOCs to groundwater. 

However there is a high degree of uncertainty with respect to oxidant/contaminant 

contact given the geologic heterogeneity at the Site. Because plume management 

would still be likely following implementation of Alternative 11 and because there are 

potential negative interactions between ISCO and a RPB (as well as the high capital 

costs), Alternative 11 will not be retained for further evaluation. 

3.5.4.11 Alternatives 12, 13, and 14 – Treatment of the >100 ug/L Treatment Zone 
Alternatives 12, 13 and 14 consider implementation of source reduction to the plume 

area >100 ug/L, treating the upper 35 ft. of aquifer saturation for each ERH, ISTD/SEE 

and ISCO, respectively. The limits of the treatment zone are shown on Figure 13. The 
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PRG for these alternatives was assumed at 5 ug/L, resulting in an average 99.99% 

reduction if VOC concentrations. These alternatives were considered in order to provide 

evaluation of remedial actions which would negate the requirement for any residual 

plume control, intending to achieve the terms of the RAO at the compliance boundary, 

as determined by the groundwater modeling scenarios. 

Although the cubic yards of aquifer specified for treatment in Alternatives 12, 13 and 14 

substantially increase from the 78,100 yards of aquifer treated in the in the >1,000 ug/L 

treatment zone to 165,900 cubic yards in the >100 ug/L zone, only an estimated nominal 

increase in VOC mass between the two treatment zones in realized.  The >100 ug/L 

zone has an estimate VOC mass of 16,376 pounds, where as the >1,000 ug/L zone is 

estimated to contain 16,245 pounds. 

Although Alternatives 12, 13 and 14 would meet the statutory requirements with respect 

to toxicity, mobility and mass, the incremental costs associated with treating an 

estimated extra 131 pounds of VOC mass is not economically feasible. Therefore, these 

three alternatives have been eliminated from further consideration as viable remedies for 

the Site based on cost. However, the costs associated with these three alternatives 

have been retained within the summary tables to provide documentation of their 

consideration, as well as the cost differential. 

The estimated capital and present worth of anticipated O&M costs for implementation of 

ERH, ISTD/SEE and ISCO for the >100 Treatment Zone are $23,606,405, $18,866,005, 

and $14,411,320, respectively. 

3.5.4.12 Alternatives 15 and 15A – ERH of the VP-17 Hot Spot 
Alternatives 15 and 15A consider the application of ERH to the area identified as the VP

17 hot spot as shown on Figure 14. The treatment thickness for these scenarios is 

estimated from approximately 10 ft. bgs (depth to the water table in this area) to 50 ft. 

bgs, providing 40 ft. of aquifer treatment. Mass calculations prepared using the 

dissolved phase VOC concentrations in the hot spot suggest an estimated 308 pounds 

of VOCs are present within the treatment zone.  Assuming the >10,000 ppb foot print 

contains residual DNAPL occupying 0.5% of the pore space over a thickness of 20 feet, 

an additional 138 pound of contaminants may be present as DNAPL. 
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In developing these alternatives the entire square footage with VOC impact as depicted 

on Figure 14 is selected for treatment in Alternative 15, and treatment of the 

concentrated (e.g., >1, 000 ug/L) off-property plume center is selected for treatment in 

Alternative 15A. 

As a consequence of these assumptions, the targeted treatment volumes are 11,300 

and 5,629 cubic yards for Alternatives 15 and 15A, respectively.  Due to the small total 

VOC mass within the relatively large volume, the cost per pound for remediation in this 

zone is substantially higher than for other areas/scenarios. 

Prior to the installation of ERH electrodes and equipment, the targeted area will require 

clearing and grubbing (approximately 1.5 acres).  The preliminary conceptual design for 

Alternative 15 at the VP-17 hot spot includes the installation of 24 twelve inch diameter 

electrodes located at 19 ft. spacings.  The electrode conductivity zone includes the 

vertical span from 12 to 52 ft. bgs.  Twenty-four vapor recovery wells are to be co

located with the electrodes; given the off-property location of the hot spot, well 

completions and remedial piping will be above grade.  Six temperature monitoring 

points, each containing nine sensors, will assess subsurface conditions during the 

implementation of the remedy. Although the hot spot is being treated as a separate 

source area, the remediation of this zone should be considered for concurrent 

completion with on-property remedies; an assumption carried through for the Alternative 

15 cost estimate (thereby removing additional costs associated with separate 

equipment, labor and material mobilizations). Since the treatment area and volume for 

Alternative 15A are approximately half of Alternative 15; preliminary costs assume half of 

the infrastructure (i.e., electrodes, vapor wells and temperature wells) noted above will 

be installed to support Alternative 15A. 

The power for the grid will be supplied from a 950 kW power control unit which converts 

the power from the municipality to the electrode field.  Vapors will be recovered with a 20 

hp blower capable of pulling at least 270 scfm. The vapors will be sent through a 

treatment train which will include a steam condenser and vapor phase carbon. The 

condensate water collected from the steam condenser will be discharged to the wetlands 

following treatment. To monitor groundwater concentrations in the hot spot, two 3-well 

clusters will be installed for routine groundwater monitoring.  Groundwater sampling will 

be completed using the methodologies developed by Battelle for sampling of heated 
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media during the remedy to monitor progress of VOC reduction.  Approximately five 

confirmatory soil borings will be installed at the completion of the remedy; two samples 

from each boring will be selected for laboratory analysis for VOCs. 

Installation of ERH in the identified treatment zone is generally implementable. The off-

property location allows for the installation of above-grade piping and there are no 

encumbrances to plant operations. The work zone will require clearing and grubbing 

prior to remedial implementation. Access to the work zone will through access 

agreements and/or purchase will be necessary since this land is not part of the NHBB 

parcel. 

The estimated capital and present worth of anticipated O&M costs for implementation of 

ERH for the VP-17 hot spot are $1,975,270 and $1,265,080 for Alternative 15 and 15A, 

respectively. 

ERH treatment specified in Alternatives 15 and 15A are expected to reduce source mass 

and associated VOC concentrations, diminishing the flux of VOCs to groundwater.  The 

concentration distributions found within the VP-17 suggest the presence of residual 

DNAPL (i.e., total VOCs >10,000 ug/L). At this time, Alternative 15A has been retained 

for further evaluation with respect to VP-17 treatment. 

3.5.4.13 Alternative 16 - ISTD of the VP-17 Hot Spot 
Alternative 16 considers the application of ISTD to the area identified as the VP-17 hot 

spot, as shown on Figure 14. The treatment thickness for these scenarios is estimated 

from approximately 10 ft. bgs (depth to the water table in this area) to 50 ft. bgs, 

providing 40 ft. of aquifer treatment. Mass calculations prepared using the dissolved 

phase VOC concentrations in the hot spot suggest an estimated 308 pounds of VOCs 

are present within the treatment zone; an estimated 138 pound of VOCs may be present 

as DNAPL in this area.  In contrast with other previously discussed alternatives which 

include implementation of ISTD within this FFS, Alternative 16 considers subsurface 

heating of the VP-17 hot spot using only TCH. 

The preliminary conceptual design to implement Alternative 16 consists installing of 65 

four-inch heater wells which address a treatment thickness from approximately the water 

table to 50 ft. bgs.  Additionally, 13 vertical SVE wells are to be installed at the center of 
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the hexagonal heater well arrays for the TCH technology; 17 temperature monitoring 

probes will be installed to track the progress of subsurface heating. Well completions 

and treatment system piping will be completed above grade. 

The power for the grid will be supplied from a power control unit capable of providing a 

minimum of 840 kW. The conceptual design does not include the re-introduction of 

water during heating; however, if necessary, the existing groundwater pump and treat 

system or modification to the existing system may be necessary to provide hydraulic 

control of water in the treatment zone. 

Vapors will be recovered with a blower capable of pulling at least 300 scfm.  The vapors 

will be sent through a treatment train which will include a steam condenser and off-gas 

treatment (assumed at this time) using GAC. The condensate water collected from the 

steam condenser will be discharged to the wetlands following treatment. 

To monitor groundwater concentrations in the hot spot, two 3-well clusters will be 

installed for routine groundwater monitoring. Groundwater sampling will be completed 

using the methodologies developed by Battelle for sampling of heated media during the 

remedy to monitor progress of VOC reduction.  Approximately five confirmatory soil 

borings will be installed at the completion of the remedy; two samples from each boring 

will be selected for laboratory analysis for VOCs. 

Installation of ISTD in the identified treatment zone is generally implementable.  The off-

property location allows for the installation of above-grade piping and there are no 

encumbrances to plant operations. Similar to Alterative 15, the work area will require 

clearing and grubbing prior to treatment system component installation.    Access to the 

work zone will through access agreements and/or purchase will be necessary since this 

land is not part of the NHBB parcel. 

The estimated capital and present worth of anticipated O&M costs for implementation of 

ISTD for the VP-17 hot spot are $2,470,590. 

Because of the high capital cost per pound of VOC treated, Alternative 16 will not be 

retained for further evaluation. 
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3.5.4.14 Alternative 17 – ISCO of the VP-17 Hot Spot ug/L Treatment Zone 
Alternative 17 considers the application of ISCO to the VP-17 hot spot, as shown on 

Figure 14. The treatment thickness for this scenario is estimated from approximately 10 

ft. bgs (depth to the water table in this area) to 50 ft. bgs, providing 40 ft. of aquifer 

treatment. Mass calculations prepared using the dissolved phase VOC concentrations 

in the hot spot suggest an estimated 308 pounds of VOCs are present within the 

treatment zone; an estimated 138 pound of VOCs may be present as DNAPL in this 

area. Alternative 17 considers the application of CHP and KMnO4, either singularly or in 

combination. 

The conceptual design for this alternative includes CHP as the primary oxidant to be 

used for full scale treatment.  As with the previously described ISCO alternatives, CHP 

has been selected as the primary oxidant due to the results of the bench scale testing 

and its ability to degrade both the chlorinated ethenes (PCE and TCE) and the 1,1,1

TCA detected in the treatment zone. KMnO4 will be used as a polishing oxidant to 

address the remaining VOCs following the CHP applications. 

Full scale implementation includes the installation of 19 permanent injection clusters with 

application depths ranging from 10 to 50 ft. with eight ft. vertical target intervals.  A 

radius of influence has been assumed at 12 ft. Approximately 231,000 (total) pounds of 

CHP are estimated for application in two events.  The first application assumes an 

injection volume of 589,158 gallons of 2.5% hydrogen peroxide followed by CHP 

polishing of 294,579 gallons of 5% hydrogen peroxide. The final step includes a KMnO4 

polish, consisting of 41,742 pounds of KMnO4 to produce 334,749 gallons of oxidant 

solution. The injection durations range from 35 days on the full scale treatment to 18 

days for the polishing steps. Application rates were estimated between 3.0 and 3.5 gpm 

per injection location. 

Given the location of the treatment area, no vapor mitigation has been included with this 

remedial alternative.  To monitor the effects of the oxidants, two 3-well clusters will be 

installed in the treatment zone to provide wells for routine groundwater sampling to 

monitor the progress of the remedy (i.e., reduction or rebound). Though this alternative 

has the ability to meet the remedial objectives base on the technology, there is a degree 

of uncertainty due to the necessity of oxidant contact with the VOCs.  Limited information 
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exists with respect to the stratigraphic profile in the VP-17 hot spot; the heterogeneity 

observed elsewhere across the Site is assumed to be present with the treatment area. 

Pending the outcome of remedial monitoring during full scale implementation, 

modifications to the conceptual application strategy may be needed, including the 

oxidant dosing or the use of a particular oxidant in general to provide beneficial outcome. 

It may also be necessary to abort oxidant applications if beneficial reductions are not 

being observed or if technical and mechanical difficulties are noticed during injection 

(i.e., high back pressures resulting from reduced aquifer permeabilities due to 

precipitation of Fe and Mn oxides). 

ISCO applications in the identified treatment zone are generally implementable; the 

location of the treatment area will not hinder plant operations or treatment applications. 

Clearing and grubbing will not be necessary for this remedial alternative. During 

activities related to injection and oxidant applications, workers would have minimal 

exposure to contaminated media with the exception of drill cuttings and potentially 

groundwater. 

The estimated capital and present worth of anticipated O&M costs for implementation of 

ISCO for the VP-17 hot spot are $3,001,490. 

Alternative 17 has the potential to effectively and quickly reduce VOC mass in the 

specified treatment zone pending successful contact of the oxidant with the VOCs 

contaminants, it is unlikely given the presence of DNAPL that Alternative 17 will be able 

to achieve MCLs.  Additionally As previously stated, the ISCO applications have the 

potential for negative interactions with the proposed containment technology. 

Groundwater modeling has demonstrated the need for continued containment; therefore, 

due to the potential adverse interactions between the technologies, Alternative 17 will 

not be retained for further consideration. 

3.5.4.15 	 Alternative 18 – Treatment of the >1,000 ug/L Treatment Zone with 
Regenesis Products 

Alternative 18 considers a combination of ISCO injections into the >100,000 ug/L 

treatment area using Regenesis patented RegenOX, followed by ISCR enhancement via 

application of the electron donor substrate 3DME. The targeted treatment area for 
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3DME applications includes the area within the 1,000 ug/L isoconcentration contour, 

including the VP-17 hot spot. The conceptual treatment areas are presented on Figure 

15. As with the other remedial alternatives, the upper 35 ft. of aquifer saturation are 

targeted for treatment on the NHBB property; the VP-17 hot spot has assumed 40 ft. of 

treatment. 

Alternative 18 considers the use of calcium percarbonate oxidant to effectively reduce 

the source area with the highest VOCs concentration (>100,000 ug/L isopleths), followed 

by biological polishing of the plume area represented by the >1,000 ug/L contour.  The 

PRG has been targeted for 1,000 ug/L both on- and off- NHBB property. 

The conceptual design for this alternative includes application of the patented Regenesis 

products using direct-push technology.  RegenOX applications include a combination of 

oxidant and activator. Three back-to-back RegenOX injections through 90 direct-push 

points have been considered for the reduction of the source area defined by >100,000 

ug/L concentrations. Approximately 2,225 cubic yards of RegenOX have been 

estimated for this scenario. 

Though ISCO is considered in this alternative, the primary mechanism for the remedy 

includes the degradation of the plume by the enhancement of biological degradation 

using 3DME electron donor (formerly HRC advanced).  Immediately following RegenOX 

applications (when the oxidant has been completely consumed), the first of three 

applications of 3DME microemulsion can commence. As discussed in Section 3.1.4.3, 

3DME creates a reductive subsurface environment promoting reductive dechlorination of 

the PCE and TCE.  The reagent provides for both electron donor (H) and carbon energy 

source (lactic acid) to promote the biological activity of naturally occurring colonies. The 

3DME applications are assumed to take place in years 0, 2 and 4 following the 

RegenOX application.   

For the first application of 3DMe, the reagent will be applied via 733 direct-push injection 

locations, installed using three Geoprobe-type rigs.  The injection interval has been 

assumed at 15 x 40 ft. grid spacings.  Approximately 138,000 cubic yards of 3DME have 

been estimated for the initial application. Each subsequent application is assumed to be 

50% of the previous application both in level of effort for application arrays as well as 

quantity of reagent due to plume reduction. 
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Since this alternative addresses a portion of the plume that is located beneath the 

building, a vapor mitigation system has been included to address any fugitive vapors that 

may be generated as a result of the ISCO portion of the treatment. 

For this scenario, costs have been included to install two additional monitoring well 

clusters with three wells. One cluster is to be installed in the VP-17 source area, the 

other between the GZH-4 cluster and the wetlands. Routine groundwater sampling will 

be completed to monitor the effects of the remedy (i.e., reduction or rebound). Though 

this alternative has the potential to meet the PRGs, there is a degree of uncertainty due 

to the necessity of oxidant contact with the VOCs for the initial injections.  Furthermore, it 

is unknown if naturally occurring microbial populations contain the dehalococcoides 

bacteria necessary to degrade the solvent plume.  Bacterial culture analyses are 

recommended prior to implementing this alternative. 

The Regenesis applications in the identified treatment zone are generally implementable 

with limited disruption to plant operations. Coordination with respect to the application of 

RegenOX to the >100,000 ug/L plume footprint is necessary since it involves access to 

and drilling within the plant for application purposes. 

The technologies associated with Alternative 18 have the potential to provide VOC mass 

reduction; however, the Alternative includes a moderate degree of uncertainty for 

success. The uncertainty lies with the successful delivery of the amendments to the 

subsurface. Though ISCO plays an important role and the contact of the oxidant with 

the contaminant is essential for the reduction of mass, Alternative 18 uses 

bioremediation as the primary mechanism for VOC reduction through the application of 

3DMe. There is uncertainty that Alternative 18 will be able to achieve the PRGs in a 

timely manner and it is currently estimated that the 3DMe applications will be necessary 

over for at least six years. It is unlikely this alternative would singularly meet the RAOs. 

Capital and present worth of anticipated O&M costs for implementation of ISCO and 

ISCR for Alternative 18 through application of Regenesis products are $5,909,570. 

Alternative 18 (without the RegenOX applications) could be used as a polishing step in 

combination for other source treatment alternatives, if needed. 
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Because of the uncertainty for success distribution of electron donor and the uncertain 

timeframe to remediate the entire plume, including the source area(s), to be through 

(primarily) bioremediation, Alternative 17 has not been retained for further evaluation. 

3.5.4.16 Alternatives 19A, 19B, 19C and 19D – EOS® or AquaBupHTM Applications 
The variations presented as Alternative 19 consider the application of EOS Remediation 

products, EOS® and AquaBupHTM as primary treatment technologies for VP-17 

(Alternatives 19A and 19C) as well as a polishing mechanism (Alternatives 19B and 

19D) to the dissolved phase plume as depicted by Figure 16. The technologies 

associated with Alternative(s) 19 are proven to provide VOC mass reduction through the 

enhancement of bioremediation; however, uncertainty lies with respect to the degree of 

contaminant reduction and the time to achieve notable contaminant reductions. 

For these evaluations, an estimated treatment depth from 10-50 ft. bgs was assumed for 

the VP-17 area and a treatment depth from 15-50 ft. bgs for the polishing alternative. 

Both polishing alternatives omit the aquifer volume as defined by treatment Alternative 

3A. 

The technology as considered for Alternatives 19A, and 19CD can be used as a primary 

treatment (i.e. source area) as in the case for the VP-17 treatment zone or as a polishing 

(Alternatives 19B and 19D) step following other more aggressive source treatment 

alternatives to provide further reductions in dissolved phase VOC concentrations though 

bioremediation. Under optimal conditions, the beneficial affects of Alternatives 19A, 

19B, 19C and 19D would last for up to 5 years. 

The technology associated with Alternatives 19A and 19C has been shown to be 

effective in treating high concentration solvent plumes including DNAPL; however, it is 

unlikely that MCLs will be obtained.  As the implementation of Alternatives 19B and 19D 

have been considered as an aquifer polishing step and not a stand alone remedy, no 

PRGs or RAOs are associated with this Alternative.  Implementation of the remedial 

options presented by Alternatives 19, particularly in combination with other more 

aggressive treatments of the main VOC source area, could provide for notable 

reductions in VOC mass and the exposure risks associated with the on- and off-property.  

HULL & ASSOCIATES, INC. 91 SEPTEMBER 2009 

MASON, OHIO NHB034.200.0020
 

http:3.5.4.16


 

  

  

 

 

 

 

 

 

  

 

 

 

The reduction of mass and subsequent reduction of VOC flux to groundwater can allow 

for more practical management of the residual VOC plume. 

Alternatives 19 consider the application of EOS® and AquaBupHTM through direct push 

application points at a 1:10 dilution. Treatment of the VP-17 source zone assumes 61 

direct push locations, while the polishing scenarios assume 257 direct push points. It is 

unknown if naturally occurring microbial populations contain the dehalococcoides 

bacteria necessary to degrade the solvent plume.  Bacterial cultures and limited bench 

testing are recommended prior to implementing this alternative. 

The application of EOS Remediation products at the Site is generally implementable and 

is assumed to take place via direct push drilling and application. 

The estimated capital and present worth of anticipated O&M costs for implementation of 

ISCR through the application of EOS® are $489,970 and $1,647,970 for Alternative 19A 

and 19B, respectively.  The estimated capital and present worth of anticipated O&M 

costs for implementation of AquaBupHTM for Alternatives 19C and 19D are $860,580 and 

$1,835,130. 

Though both EOS® and AquaBupHTM are considered viable options to enhance ISCR, 

only Alternatives 19C and 19D have been retained for further evaluation in the FFS. 

Because the process of bioremediation produces H+, the potential for geochemical and 

geobiological reactions to reduce the aquifer pH is possible. If the pH drops significantly 

below neutral, bioremediation processes will be suspended. Therefore, the 

AquaBupHTM option which has an inherent buffering capacity has been retained for 

further consideration. 

3.5.5 Contingency Treatment  
3.5.5.1 Alternatives 20 and 21 – Wellhead Treatment of South Well 
Alternatives 20 and 21 consider the application of wellhead treatment on the South Well 

prior to distribution by the municipality using air stripping and carbon polishing, 

respectively. This evaluation is intended to provide a failure-mode contingency, 

considering the uncertainty associated with bedrock contribution of VOCs to the 

unconsolidated aquifer and with the long-term performance of any arbitrary set of 

alternative remedies. We do not propose that these alternatives be considered as 
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current elements of a selected remedy. Rather, we consider that the technologies and 

associated costs should be considered as a contingency should in the future the South 

Well be returned to service and testing indicate that, due to unforeseen circumstances, 

low levels of VOCs are present in produced water or found in proximity to the wellhead. 

Alternatives 20 and 21 consider the implementation of wellhead treatment as a 

contingency item and that the selected remedy will include combinations of source 

reduction and containment. Implementation of wellhead treatment is not intended to 

provide attainment of RAOs. The implementation of the point of distribution treatment 

provides protection to human health relative to the possible ingestion of low 

concentrations of VOCs that may be present in water produced from the South Well. 

For both wellhead treatment options, the operation of the South Well was assumed for 

300 gpm with VOC concentrations less than 10 ug/L; the preliminary design capacity for 

the treatment system is 400 gpm. The existing wellhouse building is slated for 

demolition and a new 20 x 40 x 16 cinder brick building with poured concrete floors and 

wood trusses/metal roof is proposed.  The building will have a bay door and an electric 

overhead hoist with a 15 ft. lift and three ton capacity.  Each treatment process 

technology will be designed with redundant treatment trains, allowing for continued 

treatment. It is assumed that only one train will be operated at a time, leaving the 

redundant system as backup if mechanical issues arise. 

Electrical service to the building includes new 480 V, 3 phase 100 amp, including 

overhead distribution to the building. A new meter, main disconnect and 480/120 V 

transformer are assumed for each wellhead treatment option. Alternative 20 assumes 

treatment using two 360 gpm two-tray stainless steel shallow tray air strippers with 25 hp 

blowers. Costs have been included for installation of a starter panel, control panel with 

PLC and remote monitoring. Treatment assumes that one stripper will be in operation at 

all times; if alarms conditions occur, the alternate train will be activated. The alternative 

assumes that treated water will be gravity drained from the stripper to a lift station. 

Costs for the lift stations have not been included. 

Similar to Alternative 20, Alternative 21 assumes a double treatment train using carbon 

polishing. Alternative 21 assumes the installation of two 10,000 pound carbon vessels 

equipped with an air relief valve, drain valve and press switch. Given the anticipated low 

concentrations (less than 50 ug/L), each vessel would be half filled with 5,000 pounds of 
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carbon per vessel. A starter panel, control panel with PLC and remote monitoring 

systems have been included. This alternative also includes the installation of two 3,000 

gallon flow equalization tanks and transfer pumps with operational controls. 

These scenarios assume that the Town is responsible for developing the well, providing 

the lift station and all distribution line upgrades. Furthermore, the Town will be 

responsible for regular operational maintenance of the well. NHBB has assumed 

responsibility to operate and maintain the treatment system as it relates to the treatment 

of potential VOCs, to monitor the groundwater proximate to the well and to perform 

system performance monitoring for a period of 30 years.  These alternatives assume the 

Town will be responsible for meeting other requirements in place by the State as a 

provider of drinking water. 

Alternatives 20 and 21 are easily implemented. The construction tasks associated with 

these Alternatives are general and simple and are considered general construction 

activities. On-Site construction workers would have minimal, if any, exposure to 

contaminated media including groundwater. Given the age of the existing building, the 

possibly exists for asbestos exposure and the building should be properly abated prior to 

demolition. 

The treatment of groundwater using wellhead treatment options would effectively 

intercept contaminated groundwater, thereby reducing toxicity prior to ingestion. The 

implementation of the point of distribution treatment provides protection to human health 

relative to the possible ingestion of low concentrations of VOCs that may be present in 

water produced from the South Well. 

The capital and present worth of anticipated O&M costs for installation of Wellhead 

Treatment for Alternatives 20 and 21 are $1,865,610 and $2,347,495, respectively. 

3.5.6 Alternatives Summary 
Table 9 provides a summary of various remedial alternatives considered for preliminary 

screening in this FFS.  Many options due to uncertainties related to remedial success, negative 

interactions among treatment options, the potential to mobilize contaminants and cost have 

been eliminated for further consideration for a comprehensive Site remedy.  Table 10 provides a 
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summary of individual alternatives retained for consideration in comprehensive treatment 

scenarios (CTS) for the Site. Cost details for each alternative can be found in Appendix K. 
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4.0 DEVELOPMENT AND DESCRIPTIONS OF COMPREHENSIVE TREATMENT 
SCENARIOS 

4.1 	 Process for Development of Comprehensive Treatment Scenarios 
The individual remedial technology alternatives considered in the FFS that were evaluated in 

Section 3.0 and retained for further analysis have been developed into a limited number of 

comprehensive treatment scenarios (CTS).  The CTS(s) evaluate the comprehensive remedy 

with respect to best engineering practices for site-specific consideration. The individual 

alternatives, in combination, have been developed with the intent to achieve the revised RAOs, 

which include: 

1. 	 restore all of the “dilute plume” area outside of the TI waiver boundary to drinking 
water quality (MCLs) in as short of time frame as practicable in order to return the 
South Well to the Town of Peterborough as a drinking water supply source; 

2. 	 prevent migration of contaminated groundwater from the TI waiver boundary into 
uncontaminated portions of the aquifer, including the dilute plume area; 

3. 	 reduce contaminant concentrations within the TI waiver boundary; and 

4. 	 prevent exposure to the contaminated groundwater both within the TI waiver 
boundary and outside the TI waiver boundary that has been impacted by Site 
contaminants. 

With the intent to meet the RAOs, six comprehensive treatment scenarios (CTS) have been 

developed for detailed evaluation. The five CTS complied for further detailed evaluation are 

summarized in Table 11 and described below. 

4.2 	 CTS 1 – No Action 
CTS 1 complies with Section 300.430(e)(6) of the NCP for the development of a No Action 

alternative. Considering the Site is currently operating a groundwater extraction and treatment 

system under Orders, the CTS 1 assumes no modifications would be made to the current 

remedy. CTS 1 provides a baseline against which each of the other remedies is compared. In 

the event that a comparative analysis of CTS 1 with other potential remedial alternatives 

indicates that there is no substantial benefit to the implementation of alternate remedy, CTS 1 

may be considered a feasible approach. CTS 1 is depicted as Figure 17. 

CTS 1 provides no effort beyond the existing remedy which includes the operation and 

maintenance of groundwater extraction wells and the groundwater treatment system, 
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implementation of the extraction well preventative maintenance program and routine 

rehabilitation events, compliance sampling, routine groundwater monitoring and reporting.  This 

remedy assumes operations and maintenance of the system for 30 years.  Institutional controls 

such as the groundwater use ordinance in place through the Town’s zoning provide additional 

protections in combination with CTS 1. 

1.3 	CTS 2 
CTS 2 consists of the following individual remedial alternatives: 

1. 	 Institutional Controls – Groundwater Protection Overlay District through Town 
Zoning: 

2. 	 Alternative 2A – 500 foot PRB plume containment; 

3. 	 Alternative 6 – ERH of >10,000 ppb; 

4. 	 Alternative 15A – ERH of Modified VP-17. 

Source mass reduction on and off NHBB property will be completed by applying ERH treatment 

to the >10,000 ug/L and VP-17 Modified to a depth of 50 feet bgs. The on-property ERH 

treatment is intended to aggressively reduce the bulk of source concentrations to the 1,000 ug/L 

PRG. The residual dissolved phase plume will be managed through the installation and 

subsequent treatment by a 500 foot PRB. 

The preliminary conceptual placement of the barrier is estimated from groundwater modeling 

simulations that reduced the source area concentrations to 1,000 ug/L. The actual barrier 

placement and length will be determined from pre-design work.  Based on natural groundwater 

flow, a substantial portion of the PRB will require installation on the A.F. Morrison Trust property 

adjacent to NHBB on the north property line. The conceptual alignment of the barrier will be 

parallel along the former rail bed, beginning at a point approximately 100 feet south of EX-4 

trending north to a termination point approximately 100 feet north of the MW-16 well cluster. 

This remedy assumes operations and maintenance for the Source Remedy and PRB at 10 and 

30 years, respectively. However, based on the aquifers response to source treatment and 

subsequent post thermal flushing, actual O&M of the remedy may be less.  Institutional controls 

such as the groundwater use ordinance in place through the Town’s zoning provide additional 

protections in combination with CTS 2. CTS 2 is depicted in Figure 18. 
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4.4 	CTS 3 
CTS 3 consists of the following individual remedial alternatives: 

1. 	 Institutional Controls – Groundwater Protection Overlay District through Town 
Zoning: 

2. 	 Alternative 2A – 500 foot PRB plume containment; 

3. 	 Alternative 6 – ERH of >10,000 ppb; 

4. 	 Alternative 18C – AquaBupHTM VP-17. 

Source mass reduction will be completed by applying ERH treatment to the >10,000 ug/L and 

AquaBupHTM VP-17 to a depth of 50 feet bgs on and off Property, respectively.  The on-property 

ERH treatment is intended to aggressively reduce the bulk of source concentrations to the 

1,000 ug/L PRG. The treatment of VP-17 is targeted for MCLs. The residual dissolved phase 

plume will be managed through the installation and subsequent treatment by a 500 foot PRB. 

The preliminary conceptual placement of the barrier is estimated from groundwater modeling 

simulations that reduced the source area concentrations to 1,000 ug/L. The actual barrier 

placement and length will be determined from pre-design work.  Based on natural groundwater 

flow, a substantial portion of the PRB will require installation on the A.F. Morrison Trust 

property, north of NHBB. The conceptual alignment of the barrier will be parallel along the 

former rail bed, beginning at a point approximately 100 feet south of EX-4 trending north to a 

termination point approximately 100 feet north of the MW-16 well cluster. 

This remedy assumes operations and maintenance for the Source Remedy and PRB at 10 and 

30 years, respectively. However, based on the aquifers response to source treatment and 

subsequent post thermal flushing, actual O&M of the remedy may be less.  Institutional controls 

such as the groundwater use ordinance in place through the Town’s zoning provide additional 

protections in combination with CTS 3. CTS 3 is depicted in Figure 19. 

4.5 	CTS 4 
CTS 4 consists of the following individual remedial alternatives: 

1. 	 Institutional Controls – Groundwater Protection Overlay District through Town 
Zoning: 

2. 	 Alternative 2A – 400 foot PRB plume containment; 
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3. 	 Alternative 3A – ERH of >100,000 ppb Modified; 

4. 	 Alternative 15A – ERH of VP-17 Select; 

5. 	 Alternative 18D – AquaBupHTM Polishing. 

Source mass reduction will be completed by applying ERH treatment to the >100,000 ug/L 

Modified and the VP-17 Select treatment volumes to a depth of 50 feet bgs on and off Property, 

respectively. The ERH treatments are intended to aggressively reduce the bulk of suspected 

on-Property source concentrations to the 1,000 ug/L PRG.  The treatment of VP-17 is targeted 

for MCLs. The residual dissolved phase plume will be managed through the installation and 

subsequent treatment by a 400 foot PRB. 

The preliminary conceptual placement of the barrier is estimated from groundwater modeling 

simulations that reduced the source area concentrations to 1,000 ug/L. The actual barrier 

placement and length will be determined from pre-design work.  Based on natural groundwater 

flow, a substantial portion of the PRB will require installation on the A.F. Morrison Trust 

property, north of NHBB. The conceptual alignment of the barrier will be parallel along the 

former rail bed, beginning at a point approximately 100 feet south of EX-4 trending north to a 

termination point approximately 100 feet north of the MW-16 well cluster. 

This remedy assumes operations and maintenance for the Source Remedy and PRB at 10 and 

30 years, respectively. However, based on the aquifers response to source treatment and 

subsequent post thermal flushing, actual O&M of the remedy may be less.  Institutional controls 

such as the groundwater use ordinance in place through the Town’s zoning provide additional 

protections in combination with CTS 4. CTS 4 is depicted in Figure 20. 

4.6 	CTS 5 
CTS 5 consists of the following individual remedial alternatives: 

1. 	 Institutional Controls – Groundwater Protection Overlay District through Town 
Zoning: 

2. 	 Alternative 2B – 400 foot PRB plume containment; 

3. 	 Alternative 3B – ERH of >100,000 ppb Modified 

4. 	 Alternative 19C – AquaBupHTM of VP-17 
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5. Alternative 19D – AquaBupHTM polish. 

Source mass reduction will be completed by applying ERH treatment to the >100,000 ug/L 

Modified source area to a depth of 50 feet bgs.  The on-property ERH treatment is intended to 

aggressively reduce the bulk of source concentrations to the 1,000 ug/L PRG. The remaining 

on- and off-property plume footprint which contains concentrations of VOCs >1,000 ug/L 

following ERH treatment (including the VP-17 hot spot) will be treated with an AquaBupHTM to 

promote biodegradation of the plume. Given the limited VOC mass suspect in VP-17 hotspot, 

AquaBupHTM has been considered a viable option for source treatment with the target remedial 

goal of MCLs. 

The on-Property AquaBupHTM polishing is intended to further reduce the on-property dissolved 

phase VOCs plume. Given total square footage and aquifer volume targeted for treatment in 

CTS 5, achievement of containment through the installation of a 400 ft. PRB has been 

considered. The preliminary conceptual placement of the barrier is estimated from groundwater 

modeling simulations that reduced the source area concentrations to 1,000 ug/L.  The actual 

barrier placement and length will be determined from pre-design work. 

Based on natural groundwater flow, a substantial portion of the PRB will require installation on 

the A.F. Morrison Trust property, north of NHBB.  The conceptual alignment of the barrier will be 

parallel along the former rail bed, beginning at a point approximately 100 feet south of EX-4 

trending north to a termination point approximately 100 feet north of the MW-16 well cluster. 

This remedy assumes operations and maintenance for the Source Remedy and PRB at 10 and 

30 years, respectively. However, based on the aquifers response to source treatment and 

subsequent post thermal flushing, actual O&M of the remedy may be less.  Institutional controls 

such as the groundwater use ordinance in place through the Town’s zoning provide additional 

protections in combination with CTS 5. CTS 5 is depicted in Figure 21. 
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5.0 BASIS FOR ANALYSIS OF CTS
 

5.1 Introduction 
The following nine evaluation criteria are used to evaluate the remedial alternatives: 

1. Threshold Criteria 

a. Overall protection of human health and the environment 
b. Compliance with Applicable or Relevant and Appropriate Requirements 

2. Primary Balancing Criteria 

a. Long-term Effectiveness and Permanence 
b. Reduction of Toxicity, Mobility or Volume 
c. Short-term Effectiveness 
d. Implementability 
e. Cost 

3. Modifying Criteria 

a. State Acceptance 
b. Community Acceptance 

5.1.1 Threshold Criteria 
Overall protection of human health and the environment and compliance with ARARs are 

threshold criteria. This means that only those remedial alternatives that provide adequate 

protection of human health and the environment and comply with ARARs (or justify a waiver) 

are eligible for selection. 

5.1.1.1 Overall Protection of Human Health and the Environment 
Remedial alternatives are evaluated with respect to their ability to achieve protection of 

human health and the environment from unacceptable risks posed by arsenic present at 

the Site by eliminating, reducing or controlling exposures to impacted environmental 

media. The objective of this criterion is to evaluate whether a specific alternative 

achieves adequate protection by a description of how site risks posed through each 

pathway being addressed by the FS are eliminated, reduced, or controlled through 

treatment, engineering, or institutional controls (U.S. EPA, 1988a). The evaluation of 

remedial alternatives with respect to this criterion also includes an assessment of 

whether an alternative poses any unacceptable short-term risks or may contribute to 

cross-media impacts. 
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5.1.1.2 Compliance with ARARs 
In accordance with U.S. EPA guidance (1988a), alternatives will be assessed as to 

whether they attain ARARs, criteria and requirements of state and federal environmental 

and public health laws, as appropriate. Alternatives that will not result in the attainment 

of ARARs (or justify a waiver) upon implementation of the remedy will not be given 

further consideration in the FS. 

5.1.2 	 Primary Balancing Criteria 
The five primary balancing criteria provide a relative comparison of alternatives related to 

effectiveness, implementability, and cost. 

5.1.2.1 Long-term Effectiveness and Permanence 
Under this criterion, remedial alternatives are assessed for the long-term effectiveness 

and permanence they can afford, along with the degree of certainty that the alternative 

will achieve compliance with the RAOs described in Section 2.3.  Factors considered 

part of the long-term effectiveness evaluation include: 

1. 	 The nature and magnitude of total residual risks remaining upon 
completion of the remedial activities as indicated by the reduction in 
human health hazard or risk or by the reduction in volume or 
concentration of arsenic in each environmental medium; 

2. 	 The type, degree and adequacy of long-term management required for 
untreated substances and treatment residuals; 

3. 	 The long-term reliability of the engineering and institutional controls, 
including uncertainties associated with land disposal of untreated 
hazardous substances, pollutants and contaminants, as well as treatment 
residuals; and, 

4. 	 The potential need for replacement of portions of the remedy as well as 
the continuing need for repairs to maintain remedy performance. 

5.1.2.2 Reduction of Toxicity, Mobility or Volume 
This criterion includes the evaluation of the remedial alternative with respect to the 

statutory preference for the selection of alternatives that employ treatment to reduce 

toxicity, mobility or volume of contaminants.  In accordance with U.S. EPA guidance 

(1988a), factors to be considered include: 
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1. 	 The treatment process(es) the alternatives employ and materials they will 
treat; 

2. 	 The amount of hazardous substances, pollutants or contaminants that will 
be destroyed or treated, including how the principal threat will be 
addressed; 

3. 	 The degree of expected reduction in toxicity, mobility or volume of the 
waste due to treatment; 

4. 	 The degree to which the treatment is irreversible; 

5. 	 The type and quantity of residuals that will remain following treatment, 
considering the persistence, toxicity, mobility and propensity to 
bioaccumulate; 

6. 	 The degree to which treatment will reduce the inherent hazards posed by 
the principal threats at the Site; and 

7. 	 The degree to which the treatment processes employed reduce the 
transfer of contaminants between environmental media. 

5.1.2.3 Short-term Effectiveness 
The short-term impacts of the alternatives during the construction and implementation 

phase and until the objectives of the remedial action have been met are evaluated in 

consideration of the following components: 

1. 	 Short-term risks that may be posed to the community during construction 
and implementation of an alternative; 

2. 	 Potential impacts on workers during remedial action and the effectiveness 
and reliability of protective measures, if any, that will be taken by the 
workers; 

3. 	 Potential adverse environmental impacts that may result from the 
remedial action and the effectiveness and reliability of mitigation 
measures during implementation; and 

4. 	 Time until response action objectives are achieved. 

5.1.2.4 Implementability 
The technical and administrative feasibility of implementing the alternatives is assessed 

by considering the following factors, as appropriate: 

1. 	 Technical feasibility, including the degree of difficulty and unknowns 
associated with the use of a technology, the expected operational 
reliability of the technology, the ease of undertaking additional remedial 
actions, and the ability to monitor the effectiveness of the remedy; 
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2. 	 Administrative feasibility, including activities needed to coordinate state, 
local, and federal agencies; and 

3. 	 Feasibility of obtaining services and materials such as offsite disposal 
services, necessary equipment and specialists, competitive bids and 
prospective technologies. 

5.1.2.5 Cost 
The types of costs that will be considered include the following: 

1. 	 Direct and indirect capital costs, including contingency and engineering 
fees; 

2. 	 Annual O&M costs; 

3. 	 Periodic costs associated with predicted one-time capital expenditures 
occurring after the first stage of implementation; and 

4. 	 Net present value of capital and O&M costs. 

Cost estimates are developed in accordance with the U.S. EPA Publication “A Guide to 

Developing and Documenting Cost Estimates During the Feasibility Study (EPA 540-R

00-002)”, other technical resource documents, contractor quotes and best professional 

judgment, as appropriate.  Both capital costs and O&M costs were developed at a 

conceptual level for each remedial alternative; therefore, these costs can be expected to 

have an accuracy of plus 50 percent to minus 30 percent. A present value analysis is 

used to evaluate remedial costs that occur over time by discounting all future costs to 

2008 cost estimates. The net present value costs reported here are calculated using a 7 

percent discount rate over an assumed period of performance of 30 years.  The cost 

analyses for the alternatives are summarized in tables located in Appendix K. 

5.1.3 	Modifying Criteria 
Each remedial alternative is evaluated in terms of the two modifying criteria; however, the 

modifying criteria can be fully considered only after public comment is received on the Proposed 

Plan. 
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5.1.3.1 State Acceptance 
In accordance with U.S. EPA guidance, this criterion evaluates the technical and 

administrative issues and concerns that Illinois may have regarding each of the remedial 

alternatives. 

5.1.3.2 Community Acceptance 
The consideration and assessment of alternatives included determining which 

components of the alternatives interested persons in the community would be likely to 

support, have reservations about, or oppose.  This criterion is difficult to fully evaluate 

prior to presentation to and feedback from the public through meetings with the public. 
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6.0 DETAILED ANALYSIS OF CTS 


6.1 Rationale for CTS Development 
The remedial technologies retained after the screening and preliminary evaluation have been 

grouped into combinations of technologies and process options with the primary objective to 

provide a Site remedy that will meet RAOs identified in Section 2. 

Based on the standard procedures for feasibility studies under CERCLA, remedial alternatives 

and CTS(s) were developed that would result in remedial outcomes ranging from those which 

would eliminate the need for long-term management at the Site to those involving treatment that 

would reduce the toxicity, mobility, or volume of arsenic in groundwater. Because of the costs 

associated with those alternatives not requiring long term management were economically 

infeasible these options had been screened out for further evaluation (Section 3.0).  As such a 

detailed analyses of five CTS(s) have been considered for the FFS which include a source 

reduction component and long term plume management.  These CTS(s) are presented in this 

section. A comparative analysis of remedial alternatives is provided in Section 7.  

6.2 Remedial Alternatives Array 
The CTS(s) represent a range of remedial technologies and process options that would address 

the potential future human health risks associated with on and off-site source materials and 

groundwater emanating from these source areas. Each CTS has been evaluated with respect 

to overall protection of human health and the environment; compliance with ARARs; long-term 

effectiveness and permanence; reduction of toxicity, mobility, or volume through treatment; 

short-term effectiveness; implementability; and cost.  The evaluation of CTS(s) are summarized 

in Table 11 and discussed in detail below. 

6.3 Detailed Analysis of CTS 1 
6.3.1 Description 
Under the CTS 1, the No Action alternative, no further action would be taken to remove, control, 

mitigate or minimize exposure to contaminated source material or groundwater other than 

continued operation of the current extraction and containment system. The No Action 

alternative establishes a baseline or reference point against which each of the remedial action 

alternatives is compared. In the event that the other identified alternatives do not offer 

substantial benefits in the reduction of toxicity, mobility, or volume of the constituents of 

concern, the CTS 1 may be considered a feasible approach. 
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6.3.2 Overall Protection of Human Health and the Environment 
As previously noted, the Site is located in an aquifer that has in the past supplied potable water 

to the Town of Peterborough and is considered a potential future potable water source. The 

Town’s current zoning [Article III Section 245-14(F)(3)] provides protections against exposures 

associated with the unrestricted use and pumping of groundwater near the Site; however, if the 

South Well were to be reinstated, the current extraction system would not be capable of 

providing an adequate hydraulic barrier between the Site source areas and the dilute plume 

proximate to the South Well. 

Though CTS 1, if operating property, provides some protection by controlling the plume’s 

emanation from the Site, CTS 1 does not reduce the containment concentration within the 

source which may provide unacceptable human health risk through potential vapor intrusion. 

6.3.3 Compliance with ARARs 
Implementation of CTS 1 is unlikely to result in compliance with ARARs (MCLs beyond the TI 

waiver boundary). Field work in support of the FFS identified high concentration VOCs beyone 

the TI waiver boundary which may be beyond the capture zone of the current remedy.  Also, the 

continued decline in well performance provide some certainty that these wells will not meet the 

ARARs in the near future. 

6.3.4 Long-term Effectiveness and Permanence 
Because the performance and condition of the primary containment wells (i.e., extraction wells) 

continue to decline, CTS 1 is suspected to have a limited lifespan. Although continued efforts 

to clean and rehabilitate the wells are on-going, these actives only recognize short duration 

performance enhancement. Consequently, there is future risk, if the system were to fail, of 

uncontrolled migration of VOCs from the Site.  Since this option affords no source contaminant 

reduction, the continued operation of the containment system is needed over at least the next 

30 years, but likely longer. Since contaminated media would be left on-Site, a review of the 

remedy performance would be required no less than every five years pursuant to Section 121(c) 

of CERCLA, 42 U.S.C. §9621 (c). 
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6.3.5 Reduction of Toxicity, Mobility or Volume through Treatment 
This alternative would provide no reduction in the toxicity, mobility or volume of VOCs in the 

source area but would provide modest removals of VOC mass from groundwater through its 

extraction and treatment. 

6.3.6 Short-term Effectiveness 
There would be no additional risks posed to the community, site workers or the environment as 

a result of the implementation of this remedy because this alternative does not include any 

component which would disturb site conditions. The combined operation of the extraction 

system with the zoning ordinance provides protections against exposures to the groundwater.. 

6.3.7 Implementability 
As this remedy requires a continuation of efforts that are already being conducted (i.e., 

extraction well and treatment system O&M, routine on-going monitoring of groundwater and 

reporting) this alternative is readily implementable. 

6.3.8 Cost 
Estimated costs for this alternative are summarized in Table 11 and back-up information used 

for the estimation of costs is included in Appendix K.  There is no capital cost associated with 

the implementation of the No Action alternative.  O&M costs include continued operation of the 

groundwater extraction system and treatment system, system compliance sampling, routine 

groundwater sampling and analysis, and reporting. The estimated annual O&M cost is $48,600, 

with a total net present value of $$3,557,170. 

6.4 Detailed Analysis of CTS 2 
6.4.1 Description 
CTS 2 consists of the following elements: 

1. Institutional Controls; 

2. Alternative 2A; 

3. Alternative 6 ; and 

4. Alternative 15A. 

6.4.2 Overall Protection of Human Health and the Environment 
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CTS 2 considers the combination of remedial Alternatives 2A, 6, and 15A to provide a 

comprehensive Site remedy which is protective to human health and the environment because it 

provides for considerable VOC mass reduction in source areas both on and off-Property and 

allows for continued plume management (through treatment). Institutional controls in place 

through the Town’s current zoning [Article III Section 245-14(F)(3)] provides protections against 

exposures associated with the unrestricted use and pumping of groundwater near the Site. 

Source mass reduction will be completed by applying ERH treatment to the >10,000 ug/L 

source area (to a depth of 50 feet bgs) and a volume of high concentration residuals located off-

property in the VP-17 hot spot. The remaining on-Site plume footprint that contains 

concentrations of VOCs >1,000 ug/L following ERH treatment (including the VP-17 hot spot) will 

be treated as it passes through the PRB. 

6.4.3 Compliance with ARARs 
The on- and off-property ERH source treatment considered in CTS 2 are expected to effectively 

reduce source area VOC concentrations to the PRGs, which would lessen the continued flux of 

VOCs to groundwater. These mass reduction components combined with hydraulic 

containment could provide a remedy which would attain the RAO at the downgradient margin 

(eastern) of the TI waiver boundary as defined in the February 3, 1997 ESD. 

The possibility is recognized that if VOC concentrations in the VP-17 do not reach MCLs after 

remedial action, the CTS will not meet the overall ROA for MCLs beyond the TI waiver boundary 

to the north.  However, the plume emanating from both the on and off-property source areas will 

be treated through the PRB, meeting the RAO to provide a barrier between the NHBB property 

and the South Well. 

In accordance with CERCLA Section 121 (e)(1) and 40 CFR 400.3000 (e) no federal, state or 

local permits are required for on-Site remedial actions.  However, the substantive requirement of 

applicable permits should be attained.  For implementation of CTS 2, compliance with the 

substantive requirement of NPDES for surface water discharges, NESHAPS for treated air 

emissions, protection to wetlands and the management of remediation media would be 

necessary. 

6.4.4 Long-term Effectiveness and Permanence 
The groundwater use ordinance and the continued treatment of dissolved phase VOCs which 
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pass through the relative barrier provide reliable long-term solutions for the Site. The source 

mass reduction is expected to substantially reduce the flux of VOCs to groundwater, possibly 

resulting in shorter Site lifecycle. The performance of the barrier is expected at 30 years, though 

currently, the oldest barrier has only been installed for 13 years. A review of the remedy 

performance would be required no less than every five years pursuant to Section 121(c) of 

CERCLA, 42 U.S.C. §9621 (c). 

The overall performance of the remedy will require testing to demonstrate an effective barrier is 

achieved between the resultant Site VOCs following remediation and the South Well. 

Performance monitoring will like be implemented and the performance of the remedy 

demonstrated by pump testing of the South Well. 

6.4.5 Reduction of Toxicity, Mobility or Volume through Treatment 
Implementation of this remedy would satisfy the statutory preference for active treatment which 

reduces the toxicity, mobility and volume of contaminants (USEPA 1988a). 

6.4.6 Short-term Effectiveness 
There would be moderate increases in risks posed to the community as a result of the 

implementation of the remedy. These include increase traffic congestion during the installation 

of the PRB as well as during receipt of remedial materials during the construction phase of the 

remedy for both source treatment and containment components. 

Increased risk of remedy noted during implementation would be typical risks posed to 

remediation construction workers involved in the installation of the remedy components, 

particularly in the source areas. NHBB employees may see moderate increases in risks due to 

exposure of noise resulting from the operation of remedial equipment.  Components of the 

system that generate the electricity to heat the aquifer are contained within a secure area and 

therefore should not provide increased risk to NHBB employees. 

6.4.7 Implementability 
This remedy is generally implementable. There are four identified areas that may provide 

difficulty during construction, but are not limiting factors so great that the construction cannot 

take place. 
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This alternative would require the installation of angled borings beneath the manufacturing floor 

to thermally treat source mass located beneath the building. Any drilling near or beneath may 

case unwanted vibrations that may affect the manufacturing floor. 

To limit encumbrances on plant operations from the installation of the ERH system, unusual 

installation phasing may be needed to reduce stress related to plant traffic and parking.  For 

instance, general type of system construction allow for multiple contractors (i.e. drillers and 

excavation/piping contractors) to work simultaneously to install the subsurface component. 

Because the GHZ-4 source is located within the main plan parking and traffic zone, phasing 

may include all drilling components followed by trenching to limit the disruptions and equipment 

on plant operations at one time. 

Given the location of the proposed alignment of the PRB, the compressed working zone may 

cause some logistical issue for its construction. To alleviate issue with access and egress to 

the work zone, permitted use of the right of way will be necessary with the State (District 4). 

Also related to the proposed alignment is the proximity of the work zone to the wetlands. 

Therefore, special consideration such as surface water pollution prevention plans (SWPPP) will 

be needed and particular care must be maintained during construction to protect the wetlands. 

The last item, which is the most challenging, is the relocations of the main plant power feed 

from Route 202. At this time we envision an auxiliary new power feed to the plant will be run 

prior to field work. Once the new supply is run, a splice can be made from the existing power 

supply to the new one. From a health and safety perspective, the re-running of the power 

supply is critical. 

6.4.8 Cost 
Estimated costs for this alternative are summarized in Table 11 and back-up information used 

for the estimation of costs is included in Appendix K. The estimated total costs for CTS 2 are 

$13,810,220. The capital costs are estimated to be $12,776,850 and include a total net present 

value of $1,033,365 for O&M costs.  O&M costs generally include groundwater sampling and 

reporting; the ERH component assumes 10 years O&M while the barrier has monitoring costs 

for 30 years. 
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6.5 Detailed Analysis of CTS 3 
6.5.1 Description 
CTS 3 consists of the following elements: 

1. Institutional Controls; 

2. Alternative 2A; 

3. Alternative 6 ; and 

4. Alternative 19CA. 

6.5.2 Overall Protection of Human Health and the Environment 
CTS 3 considers the combination of remedial Alternatives 2A, 6, and 19C to provide a 

comprehensive Site remedy which is protective to human health and the environment because it 

provides for considerable VOC mass reduction in source areas both on and off-Property and 

allows for continued plume management (through treatment). Institutional controls in place 

through the Town’s current zoning [Article III Section 245-14(F)(3)] provides protections against 

exposures associated with the unrestricted use and pumping of groundwater near the Site. 

Source mass reduction will be completed by applying ERH treatment to the >10,000 ug/L 

source area (to a depth of 50 feet bgs).  Concentrations as defined by the >1,000 boundary in 

the off-property location identified by the VP-17 hot spot will be treated through bioremediation 

by the application of AquaBupHTM. The remaining dissolved phase plume after the application 

of source treatments will be treated as it passes through the PRB. 

6.5.3 Compliance with ARARs 
The on- and off-property source treatments considered in CTS 3 which includes ERH and 

bioremediation, respectively, are expected to effectively reduce source area VOC 

concentrations to the PRGs, which would lessen the continued flux of VOCs to groundwater. 

These mass reduction components combined with hydraulic containment could provide a 

remedy which would attain the RAO at the downgradient margin (eastern) of the TI waiver 

boundary as defined in the February 3, 1997 ESD. 

The possibility is recognized that if VOC concentrations in the VP-17 do not reach MCLs after 

remedial action, the CTS will not meet the overall ROA for MCLs beyond the TI waiver boundary 

to the north.  However, the plume emanating from both the on and off-property source areas will 
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be treated through the PRB, meeting the RAO to provide a barrier between the NHBB property 

and the South Well. 

In accordance with CERCLA Section 121 (e)(1) and 40 CFR 400.3000 (e) no federal, state or 

local permits are required for on-Site remedial actions.  However, the substantive requirement of 

applicable permits should be attained.  For implementation of CTS 3, compliance with the 

substantive requirement of NPDES for surface water discharges, NESHAPS for treated air 

emissions, protection to wetlands, underground injection control, and the management of 

remediation media would be necessary. 

6.5.4 Long-term Effectiveness and Permanence 
The groundwater use ordinance and the continued treatment of dissolved phase VOCs which 

pass through the relative barrier provide reliable long-term solutions for the Site. The source 

mass reduction is expected to substantially reduce the flux of VOCs to groundwater, possibly 

resulting in shorter Site lifecycle. The performance of the barrier is expected at 30 years, though 

currently, the oldest barrier has only been installed for 13 years. A review of the remedy 

performance would be required no less than every five years pursuant to Section 121(c) of 

CERCLA, 42 U.S.C. §9621 (c). 

The overall performance of the remedy will require testing to demonstrate an effective barrier is 

achieved between the resultant Site VOCs following remediation and the South Well. 

Performance monitoring will like be implemented and the performance of the remedy 

demonstrated by pump testing of the South Well. 

6.5.5 Reduction of Toxicity, Mobility or Volume through Treatment 
Implementation of this remedy would satisfy the statutory preference for active treatment which 

reduces the toxicity, mobility and volume of contaminants (USEPA 1988a). 

6.5.6 Short-term Effectiveness 
There would be moderate increases in risks posed to the community as a result of the 

implementation of the remedy. These include increase traffic congestion during the installation 

of the PRB as well as during receipt of remedial materials during the construction phase of the 

remedy for both source treatment and containment components. 

HULL & ASSOCIATES, INC. 113 SEPTEMBER 2009 

MASON, OHIO NHB034.200.0020 




  

  

 

 

 

 

 

 

 

 

 

 

Increased risk of remedy noted during implementation would be typical risks posed to 

remediation construction workers involved in the installation of the remedy components, 

particularly in the source areas. NHBB employees may see moderate increases in risks due to 

exposure of noise resulting from the operation of remedial equipment.  Components of the 

system that generate the electricity to heat the aquifer are contained within a secure area and 

therefore should not provide increased risk to NHBB employees. 

6.5.7 Implementability 
This remedy is generally implementable. There are four identified areas that may provide 

difficulty during construction, but are not limiting factors so great that the construction cannot 

take place. 

This alternative would require the installation of angled borings beneath the manufacturing floor 

to thermally treat source mass located beneath the building. Any drilling near or beneath may 

case unwanted vibrations that may affect the manufacturing floor. 

To limit encumbrances on plant operations from the installation of the ERH system, unusual 

installation phasing may be needed to reduce stress related to plant traffic and parking.  For 

instance, general type of system construction allow for multiple contractors (i.e. drillers and 

excavation/piping contractors) to work simultaneously to install the subsurface component. 

Because the GHZ-4 source is located within the main plan parking and traffic zone, phasing 

may include all drilling components followed by trenching to limit the disruptions and equipment 

on plant operations at one time. 

Given the location of the proposed alignment of the PRB, the compressed working zone may 

cause some logistical issue for its construction. To alleviate issue with access and egress to 

the work zone, permitted use of the right of way will be necessary with the State (District 4). 

Also related to the proposed alignment is the proximity of the work zone to the wetlands. 

Therefore, special consideration such as surface water pollution prevention plans (SWPPP) will 

be needed and particular care must be maintained during construction to protect the wetlands. 

The last item, which is the most challenging, is the relocations of the main plant power feed 

from Route 202. At this time we envision an auxiliary new power feed to the plant will be run 

prior to field work. Once the new supply is run, a splice can be made from the existing power 
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supply to the new one. From a health and safety perspective, the re-running of the power 

supply is critical. 

6.5.8 Cost 
Estimated costs for this alternative are summarized in Table 11 and back-up information used 

for the estimation of costs is included in Table E-2 and E-3 of Appendix K.  The estimated total 

costs for CTS 3 are $13,405,720. The capital costs are estimated to be $12,471,550 and 

include a total net present value of $934,165 for O&M costs.  O&M costs generally include 

groundwater sampling and reporting; the ERH component assumes 10 years O&M while the 

barrier has monitoring costs for 30 years. 

6.6 Detailed Analysis of CTS 4 
6.6.1 Description 
CTS 4 consists of the following elements: 

1. Institutional Controls; 

2. Alternative 2B; 

3. Alternative 3A ; 

4. Alternative 15A; and 

5. Alternative 19D. 

6.6.2 Overall Protection of Human Health and the Environment 
CTS 4 considers the combination of remedial Alternatives 2A, 3A, and 15A and 19D to provide 

a comprehensive Site remedy which is protective to human health and the environment 

because it provides for considerable VOC mass reduction in source areas both on and off-

Property and allows for continued plume management (through treatment). Institutional controls 

in place through the Town’s current zoning [Article III Section 245-14(F)(3)] provides protections 

against exposures associated with the unrestricted use and pumping of groundwater near the 

Site. 

Source mass reduction will be completed by applying ERH treatment to the >100,000 ug/L 

Modified source area (to a depth of 50 feet bgs) and a select treatment volume in VP-17. 

Concentrations as defined by the >1,000 boundary (on-Property), omitting the Alternative 3A 
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volume, will be further treated through the application of AquaBupHTM to promote 

bioremediation of the dissolved phase plume. The remaining dissolved phase plume following 

source reduction measures will be treated as it passes through the PRB. 

6.6.3 Compliance with ARARs 
The on- and off-property source treatments considered in CTS 4 includes ERH. Additional on-

property source reduction will take place through bioremediation.  These remedial components 

are expected to effectively reduce source area VOC concentrations to the PRGs, which would 

lessen the continued flux of VOCs to groundwater. These mass reduction components 

combined with hydraulic containment could provide a remedy which would attain the RAO at the 

downgradient margin (eastern) of the TI waiver boundary as defined in the February 3, 1997 

ESD. 

The possibility is recognized that if VOC concentrations in the VP-17 do not reach MCLs after 

remedial action, the CTS will not meet the overall ROA for MCLs beyond the TI waiver boundary 

to the north.  However, the plume emanating from both the on and off-property source areas will 

be treated through the PRB, meeting the RAO to provide a barrier between the NHBB property 

and the South Well. 

In accordance with CERCLA Section 121 (e)(1) and 40 CFR 400.3000 (e) no federal, state or 

local permits are required for on-Site remedial actions.  However, the substantive requirement of 

applicable permits should be attained.  For implementation of CTS 4, compliance with the 

substantive requirement of NPDES for surface water discharges, NESHAPS for treated air 

emissions, protection to wetlands, and the management of remediation media would be 

necessary. 

6.6.4 Long-term Effectiveness and Permanence 
The groundwater use ordinance and the continued treatment of dissolved phase VOCs which 

pass through the relative barrier provide reliable long-term solutions for the Site. The source 

mass reduction is expected to substantially reduce the flux of VOCs to groundwater, possibly 

resulting in shorter Site lifecycle. The performance of the barrier is expected at 30 years, though 

currently, the oldest barrier has only been installed for 13 years. A review of the remedy 

performance would be required no less than every five years pursuant to Section 121(c) of 

CERCLA, 42 U.S.C. §9621 (c). 
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The overall performance of the remedy will require testing to demonstrate an effective barrier is 

achieved between the resultant Site VOCs following remediation and the South Well. 

Performance monitoring will like be implemented and the performance of the remedy 

demonstrated by pump testing of the South Well. 

6.6.5 Reduction of Toxicity, Mobility or Volume through Treatment 
Implementation of this remedy would satisfy the statutory preference for active treatment which 

reduces the toxicity, mobility and volume of contaminants (USEPA 1988a). 

6.6.6 Short-term Effectiveness 
There would be moderate increases in risks posed to the community as a result of the 

implementation of the remedy. These include increase traffic congestion during the installation 

of the PRB as well as during receipt of remedial materials during the construction phase of the 

remedy for both source treatment and containment components. 

Increased risk of remedy noted during implementation would be typical risks posed to 

remediation construction workers involved in the installation of the remedy components, 

particularly in the source areas. NHBB employees may see moderate increases in risks due to 

exposure of noise resulting from the operation of remedial equipment.  Components of the 

system that generate the electricity to heat the aquifer are contained within a secure area and 

therefore should not provide increased risk to NHBB employees. 

6.6.7 Implementability 
This remedy is generally implementable. There are four identified areas that may provide 

difficulty during construction, but are not limiting factors so great that the construction cannot 

take place. 

This alternative would require the installation of angled borings beneath the manufacturing floor 

to thermally treat source mass located beneath the building. Any drilling near or beneath may 

case unwanted vibrations that may affect the manufacturing floor. 

To limit encumbrances on plant operations from the installation of the ERH system, unusual 

installation phasing may be needed to reduce stress related to plant traffic and parking.  For 

instance, general type of system construction allow for multiple contractors (i.e. drillers and 

excavation/piping contractors) to work simultaneously to install the subsurface component. 
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Because the GHZ-4 source is located within the main plan parking and traffic zone, phasing 

may include all drilling components followed by trenching to limit the disruptions and equipment 

on plant operations at one time. 

Given the location of the proposed alignment of the PRB, the compressed working zone may 

cause some logistical issue for its construction. To alleviate issue with access and egress to 

the work zone, permitted use of the right of way will be necessary with the State (District 4). 

Also related to the proposed alignment is the proximity of the work zone to the wetlands. 

Therefore, special consideration such as surface water pollution prevention plans (SWPPP) will 

be needed and particular care must be maintained during construction to protect the wetlands. 

The last item, which is the most challenging, is the relocations of the main plant power feed 

from Route 202. At this time we envision an auxiliary new power feed to the plant will be run 

prior to field work. Once the new supply is run, a splice can be made from the existing power 

supply to the new one. From a health and safety perspective, the re-running of the power 

supply is critical. 

6.6.8 Cost 
Estimated costs for this alternative are summarized in Table 11 and back-up information used 

for the estimation of costs is included in Appendix K. The estimated total costs for CTS 4 are 

$12,924,410. The capital costs are estimated to be $11,891,040 and include a total net present 

value of $1,033,365 for O&M costs.  O&M costs generally include groundwater sampling and 

reporting; the ERH component assumes 10 years O&M while the barrier has monitoring costs 

for 30 years. 

6.7 Detailed Analysis of CTS 5 
6.7.1 Description 
CTS 5 consists of the following elements: 

1. Institutional Controls; 

2. Alternative 2B; 

3. Alternative 3A ; 

4. Alternative 19C; and 

5. Alternative 19D. 
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6.7.2 Overall Protection of Human Health and the Environment 
CTS 5 considers the combination of remedial Alternatives 2A, 3A, and 19C and 19D to provide 

a comprehensive Site remedy which is protective to human health and the environment 

because it provides for considerable VOC mass reduction in source areas both on and off-

Property and allows for continued plume management (through treatment). Institutional controls 

in place through the Town’s current zoning [Article III Section 245-14(F)(3)] provides protections 

against exposures associated with the unrestricted use and pumping of groundwater near the 

Site. 

Source mass reduction will be completed by applying ERH treatment to the >100,000 ug/L 

Modified source area (to a depth of 50 feet bgs).  Bioremediation through the injection of 

AuqaBupHTM will be used to treat no only source materials (i.e. DNAPL) in the VP-17 treatment 

zone, but will provide a on-Property option for further mass reduction as a polishing agent. The 

polishing component will treat on-Property dissolved phase concentrations as defined by the 

>1,000 boundary (on-Property), omitting the Alternative 3A volume.  The remaining dissolved 

phase plume following source reduction measures will be treated as it passes through the PRB. 

6.7.3 Compliance with ARARs 
The on- and off-property source treatments considered in CTS 5 include ERH and 

bioremediation through the application of AquaBupHTM. These remedial components are 

expected to effectively reduce source area VOC concentrations to the PRGs, which would 

lessen the continued flux of VOCs to groundwater. These mass reduction components 

combined with hydraulic containment could provide a remedy which would attain the RAO at the 

downgradient margin (eastern) of the TI waiver boundary as defined in the February 3, 1997 

ESD. 

The possibility is recognized that if VOC concentrations in the VP-17 do not reach MCLs after 

remedial action, the CTS will not meet the overall ROA for MCLs beyond the TI waiver boundary 

to the north.  However, the plume emanating from both the on and off-property source areas will 

be treated through the PRB, meeting the RAO to provide a barrier between the NHBB property 

and the South Well. 
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In accordance with CERCLA Section 121 (e)(1) and 40 CFR 400.3000 (e) no federal, state or 

local permits are required for on-Site remedial actions.  However, the substantive requirement of 

applicable permits should be attained.  For implementation of CTS 4, compliance with the 

substantive requirement of NPDES for surface water discharges, NESHAPS for treated air 

emissions, protection to wetlands, underground injection control, and the management of 

remediation media would be necessary. 

6.7.4 Long-term Effectiveness and Permanence 
The groundwater use ordinance and the continued treatment of dissolved phase VOCs which 

pass through the relative barrier provide reliable long-term solutions for the Site. The source 

mass reduction is expected to substantially reduce the flux of VOCs to groundwater, possibly 

resulting in shorter Site lifecycle. The performance of the barrier is expected at 30 years, though 

currently, the oldest barrier has only been installed for 13 years. A review of the remedy 

performance would be required no less than every five years pursuant to Section 121(c) of 

CERCLA, 42 U.S.C. §9621 (c). 

The overall performance of the remedy will require testing to demonstrate an effective barrier is 

achieved between the resultant Site VOCs following remediation and the South Well. 

Performance monitoring will like be implemented and the performance of the remedy 

demonstrated by pump testing of the South Well. 

6.7.5 Reduction of Toxicity, Mobility or Volume through Treatment 
Implementation of this remedy would satisfy the statutory preference for active treatment which 

reduces the toxicity, mobility and volume of contaminants (USEPA 1988a). 

6.7.6 Short-term Effectiveness 
There would be moderate increases in risks posed to the community as a result of the 

implementation of the remedy. These include increase traffic congestion during the installation 

of the PRB as well as during receipt of remedial materials during the construction phase of the 

remedy for both source treatment and containment components. 

Increased risk of remedy noted during implementation would be typical risks posed to 

remediation construction workers involved in the installation of the remedy components, 

particularly in the source areas. NHBB employees may see moderate increases in risks due to 

exposure of noise resulting from the operation of remedial equipment.  Components of the 
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system that generate the electricity to heat the aquifer are contained within a secure area and 

therefore should not provide increased risk to NHBB employees. 

6.7.7 Implementability 
This remedy is generally implementable. There are four identified areas that may provide 

difficulty during construction, but are not limiting factors so great that the construction cannot 

take place. 

This alternative would require the installation of angled borings beneath the manufacturing floor 

to thermally treat source mass located beneath the building. Any drilling near or beneath may 

case unwanted vibrations that may affect the manufacturing floor. 

To limit encumbrances on plant operations from the installation of the ERH system, unusual 

installation phasing may be needed to reduce stress related to plant traffic and parking.  For 

instance, general type of system construction allow for multiple contractors (i.e. drillers and 

excavation/piping contractors) to work simultaneously to install the subsurface component. 

Because the GHZ-4 source is located within the main plan parking and traffic zone, phasing 

may include all drilling components followed by trenching to limit the disruptions and equipment 

on plant operations at one time. 

Given the location of the proposed alignment of the PRB, the compressed working zone may 

cause some logistical issue for its construction. To alleviate issue with access and egress to 

the work zone, permitted use of the right of way will be necessary with the State (District 4). 

Also related to the proposed alignment is the proximity of the work zone to the wetlands. 

Therefore, special consideration such as surface water pollution prevention plans (SWPPP) will 

be needed and particular care must be maintained during construction to protect the wetlands. 

The last item, which is the most challenging, is the relocations of the main plant power feed 

from Route 202. At this time we envision an auxiliary new power feed to the plant will be run 

prior to field work. Once the new supply is run, a splice can be made from the existing power 

supply to the new one. From a health and safety perspective, the re-running of the power 

supply is critical. 
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6.7.8 Cost 
Estimated costs for this alternative are summarized in Table 11 and back-up information used 

for the estimation of costs is included in Appendix K. The estimated total costs for CTS 5 are 

$12,519,910. The capital costs are estimated to be $11,585,740 and include a total net present 

value of $934,165 for O&M costs. O&M costs generally include groundwater sampling and 

reporting; the ERH component assumes 10 years O&M while the barrier has monitoring costs 

for 30 years. 
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7.0 COMPARATIVE ANALYSIS OF CTS 


7.1 Overall Protection of Human Health and the Environment 
Each comprehensive treatment scenario is protective of human health and the environment. 

Through the use of institutional controls, Site conditions are currently protective of adverse 

human exposure to the contaminated groundwater.  Excepting CTS 1, each CTS provides a 

means to substantially reduce source mass, which will lessen the flux of VOCs into 

groundwater. It is thought that these source reduction components will reduce the lifecycle of 

the remedial project including more reasonable management of the dissolved phase plume. 

The installation of the PRB to treat and manage groundwater as it leaves the Site provides 

protection to groundwater proximate to the South Well and where the groundwater may, under 

certain circumstances, discharge to the Contoocook River. 

Each CTS provides for ERH treatment in the source area proximate to the NHBB facility. 

Regardless of the CTS, the VOC source mass located beneath the NHBB building will be 

address by thermal treatment, which will substantially reduce the dissolved plume emanating 

from the source material, additionally, the potential for vapor intrusion into the building will be 

greatly reduced by the reduction of the source area.  Because all CTS(s) (except 1) provide a 

mechanism for source reduction and barrier wall containment, all are equally protective and 

result in the same degree of risk reduction related to groundwater VOCs. 

The actual areas and volumes over which source treatments such as ERH or ISB will be applied 

will be based upon the findings of further analysis in conducted in support of pre-design. Final 

length and placement of the PRB will also be refined as a result of pre-design. The treatment 

volumes presented in the FFS, while based upon the best information currently available and 

certain assumptions to facilitate cost estimation, may be subject to change upon pre-design 

evaluations. 

Table 12 presents a summary of each CTS compared to the nine evaluation criteria. 

7.2 Compliance with ARARs 
Each of the CTS(s), with the exception of CTS 1 (i.e., no action), are expected to comply with 

RAOs. The possibility is recognized that if VOC concentrations in the VP-17 do not reach MCLs 

after remedial action, the CTS will not meet the overall ROA for MCLs beyond the TI waiver 
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boundary to the north. However, the plume emanating from both the on and off-property source 

areas will be treated through the PRB, meeting the RAO to provide a barrier between the NHBB 

property and the South Well. 

Each CTS provides a mechanism for plume management with the intent of meeting the ARARs 

at the downgradient property, providing a barrier between the source areas and the dilute 

plume. The barrier should allow for continued remediation of residual dissolved VOC and 

protection of the dilute plume area. 

The primary differences between the CTS(s) are the volumes of aquifer to be treated by each 

particular technology and how the VP-17 hotspot is remediated. These treatment volumes, 

while based upon the best information currently available and certain assumptions to facilitate 

cost estimation, may be subject to change upon pre-design evaluations. Additionally, options 

that consider ERH can expect to see substantial mass reduction in up to 1 year of operation. 

There is uncertainty to the rate mass reduction will be observed using biological methods. CTS 

1 does not provide anything other than the continued operation of the hydraulic containment 

system. Due to the change in the Site conceptual model (VOCs beyond the TI waiver 

boundary) CTS 1 does not currently meet the ARARs.  Furthermore, due to current performance 

of the containment system there is likelihood that CTS 1will fail to meet the ARARs at the 

downgradient property line in the near future. 

The substantive requirements for permitting and remediation waste management in compliance 

with other ARARs are achievable and include, NPDES, NESHAPs, underground injection 

control, wetlands protection, SWPPP, and remediation waste management. 

7.3 Long-Term Effectiveness 
Because each CTS relies on institutional controls, each provides basic protections to human 

health and the environment from exposures to VOCs in groundwater.  Each CTS, barring CTS 

1, provide mass reduction alternatives for the source treatment options that allow for long-term 

remedial effectiveness by reducing the flux of contaminant into groundwater.  These reactions in 

flux are thought to potentially reducing the lifecycle of the project. The aggressive source 

treatment options (ERH) evaluated herein and well as the biological treatment and polishing 

mechanisms provide irreversible treatment. Furthermore, containment offered from the PRB in 

each CTS2, 3, 4 and 5 provides continue VOC destruction and affords a comprehensive Site 

remedy allowing for long-term effectiveness of the overall remedies.    
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To assess the remedy in terms of the overall performance goal for re-instating the South Well, 

performance monitoring for the remedy will include future pump testing of the South Well.  

7.4 Reduction of Toxicity, Mobility and Volume through Treatment 
Each CTS, excepting CTS 1, provides a remedial component which is expected to substantially 

reduce the mass of VOCs found proximate to the GZH-4 source area and the VP-17 hotspot. 

CTS 2, 3, 4, 5 meet the statutory requirement by reducing the contaminant mass through 

treatment. Additionally, the use of passive containment that treats the groundwater as the 

plume passes through it provides further VOC removal.  Table 9 provides an estimate of the 

VOC mass address for treatment in each CTS. 

Extraction of impacted groundwater for the purpose of hydraulic containment (CTS 1) provides 

modest VOC removal through the treatment of water in the existing groundwater treatment 

plant. However, continued operation of this system is problematic due to performance issues 

related to biofouling. 

7.5 Short-Term Effectiveness 
The ERH source treatment options, in most cases, can achieve the PRGs in less than one year 

following installation. Risks with all the CTS(s) that contain ERH are primarily from exposures 

to remedial contractors from soil and groundwater during construction phases. The presence of 

construction equipment within NHBB's campus provides a means of increased risk to NHBB 

employees. However, these risks should be managed through implementation of the project 

Heath and Safety Plan. 

Modest risk is recognized to the community and/or NHBB workers as a result of implementation 

of most of the remedial CTS; these risks are generally related to the installation of the PRB. 

CTS 2, 3, 4, and 5 could generate VOC laden dust, but the risks primarily realized from the 

barrier wall installation are related to traffic and truck congestion in Peterborough, along Route 

202 and on the NHBB property. 

Additionally, a staging pile/dewatering cell will be required on-Site for the spoils excavated from 

the wall. Given the distance from the source areas, we assume these soils are non-hazardous, 

but will be subject to TCLP testing for waste determination.  Operations related to staging, 
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dewatering and off-loading as a result of heavy equipment on the plant property present risk to 

NHBB employees. 

Similarly, heavy equipment needed to install the ERH electrodes, trenching and power control 

units provide risk to NHBB employees. 

The source reduction alternatives considered in context of the RAOs provide both short-term 

and long effectiveness and permanence, because these alternatives use technologies known to 

reduce contaminant mass; thereby reducing the associated risks and hazards of the VOCs at 

the Site. 

7.6 Implementability 
Each alternative is generally implementable and, with the exception of CTS 1 (i.e., no action), 

contain several common components including some degree of ERH, possible biological 

applications and installation of a PRB. 

As previously discussed in Section 6.0, there are recognized construction issues primarily 

related to the PRB work space and proximity to the wetlands; however, based on discussions 

with subcontractors, we due not feel these obstacles prevent the use of this technology for 

containment. 

7.7 Cost 
Tables 11 and 12 present a summary of capital and O&M costs for the CTSs.  Costs for CTS 1 

included the continued O&M costs over 30 years.  Remedial CTS 2, 3, 4, and 5 each include 

capital expenditures and O&M costs for some degree of source treatment through ERH, 

bioremediation or a combination thereof and passive containment. 

7.8 State and Community Acceptance 
The final evaluation components will be addressed in the proceedings which allow public review 

and comment to the FFS and will be addressed in the administrative management of the project 

and the anticipated ROD amendment. 
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 FOCUSED FEASIBILITY STUDY FOR SOURCE MASS REDUCTION AND PLUME MANAGEMENT
 
SOUTH MUNICIPAL WATER SUPPLY WELL SUPERFUND SITE
 

SUMMARY OF SUPPLEMENTAL VERTICAL PROFILING MOBILE LABORATORY ANALYTICAL RESULTS UG/L
 

TABLE 1
 

VP-37 ug/l 
MOBILE LABORATORY 

Depth of Screened Interval 11-12 16-17 21-22 26-27 31-32 36-37 41-42 46-47 51-52 56-57 61-62 66-67 71-72 
Date 4/8/2008 4/8/2008 4/8/2008 4/8/2008 4/8/2008 4/8/2008 4/8/2008 4/8/2008 4/8/2008 4/8/2008 4/8/2008 4/8/2008 4/8/2008 
Vinyl Chloride <2 3.7 3.3 3.5 3.6 2.4 <2 <2 <2 <2 <2 2.2 <2 
1,1-Dichloroethene <0.5 23 60 50 87 12 8.2 2.2 <0.5 <0.5 <0.5 <0.5 <0.5 
trans-1,2-Dichloroethene <2.5 9.6 11 11 10 9.4 9 8.9 <2.5 <2.5 <2.5 <2.5 <2.5 
cis-1,2-Dichloroethene <2.5 47 130 95 78 15 14 0.5 <2.5 <2.5 <2.5 <2.5 <2.5 
1,1-Dichloroethane <2.5 24 44 40 55 22 13 < <2.5 <2.5 <2.5 <2.5 <2.5 
1,1,1-Trichloroethane 0.8 2,300D 3,600D 3,400D 3,800D 1,000D 950D 16D 0.83 0.7 0.7 9.2 1.4 
Trichloroethene 0.52 1,600D 2,700D 2,600D 1,800D 560D 630D 7.2D 0.5 0.5 0.4J 1.9 <2.5 
Tetrachloroethene 1.7 12,000D 20,000D 20,000D 20,000D 4,000D 4,000D 95D 3.5 3.7 1.2 13 1.9 

Totals 3.02 16,007.30 26,548.30 25,199.50 25,833.60 5,620.80 5,624.20 123.03 4.83 4.90 1.90 26.30 3.30 

VP-38 ug/l 
MOBILE LABORATORY 

Depth of Screened Interval 10-11 15-16 20-21 25-26 30-31 35-36 40-41 45-46 50-51 54.5-55.5 
Date 4/9/2008 4/9/2008 4/9/2008 4/9/2008 4/9/2008 4/9/2008 4/9/2008 4/9/2008 4/9/2008 4/9/2008 
Vinyl Chloride <2 2.5 <2 <2 <2 <2 <2 <2 <2 <2 
1,1-Dichloroethene <0.5 <0.5 <0.5 24 5.6 2.9 6.9 <0.5 <0.5 <0.5 
trans-1,2-Dichloroethene <2.5 <2.5 <2.5 9.3 9 8.9 9 <2.5 <2.5 <2.5 
cis-1,2-Dichloroethene <2.5 <2.5 <2.5 20 13 9.8 15 9.4 <2.5 <2.5 
1,1-Dichloroethane <2.5 <2.5 <2.5 19 13 0.3J 3.8 <2.5 <2.5 <2.5 
1,1,1-Trichloroethane 0.96 1.8 3.2 1,400D 880D 700D 900D 13 1.4 1 
Trichloroethene <2.5 <2.5 8 1,000D 660D 500D 700D 3.9 0.9 0.7 
Tetrachloroethene 4.4 17 120D 17,000D 3,600D 1,300D 4,300 200D 8.7 4.3 

Totals 5.36 21.30 131.20 19,472.30 5,180.60 2,521.90 5,934.70 226.30 11.00 6.00 
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SOUTH MUNICIPAL WATER SUPPLY WELL SUPERFUND SITE
 

SUMMARY OF SUPPLEMENTAL VERTICAL PROFILING MOBILE LABORATORY ANALYTICAL RESULTS UG/L
 

TABLE 1
 

VP-39 ug/l 
MOBILE LABORATORY 

Depth of Screened Interval 11-12 16-17 21-22 21-22 26-27 31-32 36-37 41-42 46-47 51-52 56-57 61-62 
Date 4/7/2008 4/7/2008 4/7/2008 DUPLICATE 4/7/2008 4/7/2008 4/7/2008 4/7/2008 4/7/2008 4/7/2008 4/7/2008 4/7/2008 
Vinyl Chloride 3.5 2.2 3.4 3.4 3.3 3.5 3.7 <2 <2 <2 <2 2.8 
1,1-Dichloroethene <0.5 <0.5 23 25 42E 52E 56E 3.8 2.7 3.1 2.5 4.2 
trans-1,2-Dichloroethene <2.5 <2.5 9.6 9.7 11 12 10 8.9 <2.5 8.9 <2.5 <2.5 
cis-1,2-Dichloroethene 9.5 9.5 37 42 100 135 50 11 9.6 10 9.6 9.7 
1,1-Dichloroethane <2.5 21 21 24 40 50 48 11 <2.5 21 <2.5 <2.5 
1,1,1-Trichloroethane 1.4 18D 1,500D 1,800D 3,100D 3,000D 2,000D 90D 75D 82D 13 72D 
Trichloroethene 0.81 10D 1,200 1,400D 2,100D 2,200D 880D 50D 45D 50D 3.2 5.4 
Tetrachloroethene 3.8 58D 8,800D 11,000D 19,000D 19,000D 13,000D 300D 160D 180D 100D 100D 

Totals 19.01 118.70 11,594.00 14,304.10 24,354.30 24,452.50 16,047.70 474.70 292.30 355.00 128.30 214.10 

VP-40 ug/l 
MOBILE LABORATORY 

Depth of Screened Interval 12-13 17-18 22-23 27-28 32-33 37-38 42-43 47-48 52-53 57-58 62-63 67-68 
Date 4/9/2008 4/9/2008 4/9/2008 4/9/2008 4/9/2008 4/9/2008 4/10/2008 4/10/2008 4/10/2008 4/10/2008 4/10/2008 4/10/2008 
Vinyl Chloride <2 <2 2.5 <2 <2 <2 <2 <2 <2 <2 <2 <2 
1,1-Dichloroethene <0.5 <0.5 3.4 2.6 2.9 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 
trans-1,2-Dichloroethene <2.5 <2.5 9 9 9 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 
cis-1,2-Dichloroethene <2.5 <2.5 11 18 24 9 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 
1,1-Dichloroethane <2.5 <2.5 <2.5 5.7 17 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 
1,1,1-Trichloroethane <0.5 0.9 1.2 80D 55D 1.8 1.6 0.9 0.7 0.7 <0.5 <0.5 
Trichloroethene <0.5 0.6 1.2 80D 60D 2.8 1.6 <0.5 <0.5 <0.5 <0.5 <0.5 
Tetrachloroethene 0.9 3.2 6.8 300D 330D 55D 6.7 1.5 1 0.8 0.8 0.9 

Totals 0.90 4.70 35.10 495.30 407.90 68.60 9.90 2.40 1.70 1.50 0.80 0.90 
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SOUTH MUNICIPAL WATER SUPPLY WELL SUPERFUND SITE
 

SUMMARY OF SUPPLEMENTAL VERTICAL PROFILING MOBILE LABORATORY ANALYTICAL RESULTS UG/L
 

TABLE 1
 

VP-41 ug/l - SLIGHTLY NORTH OF 39 AND IN LINE WITH 38 
MOBILE LABORATORY 

Depth of Screened Interval 11-12 16-17 21-22 26-27 31-32 36-37 41-42 46-47 51-52 56-57 61-62 66-67 
Date 4/10/2008 4/10/2008 4/10/2008 4/10/2008 4/10/2008 4/10/2008 4/10/2008 4/10/2008 4/10/2008 4/10/2008 4/10/2008 4/10/2008 
Vinyl Chloride 2.6 2.3 <2 2.6 2.6 <2 2 <2 <2 <2 <2 <2 
1,1-Dichloroethene <0.5 <0.5 9.3 13 13 6.6 4.6 4.1 2.1 <0.5 <0.5 <0.5 
trans-1,2-Dichloroethene <2.5 <2.5 9.2 9.4 9.4 9.1 8.9 <2.5 <2.5 <2.5 <2.5 <2.5 
cis-1,2-Dichloroethene <2.5 <2.5 23 31 31 19 13 11 9.5 <2.5 <2.5 <2.5 
1,1-Dichloroethane <2.5 <2.5 18 22 38 18 12 11 <2.5 <2.5 <2.5 <2.5 
1,1,1-Trichloroethane 0.7 3.6 1,000D 1,100D 2,200D 900D 130D 140D 5.6 0.9 2.4 1 
Trichloroethene <0.5 2.3 630D 730D 1,500D 580D 85D 63D 2.2 0.5 1.1 0.6 
Tetrachloroethene 0.7 28D 3,600D 4,900D 15,000D 2,800D 900D 650D 36D 3.5 7.8 2.9 

Totals 4.00 36.20 5,289.50 6,808.00 18,794.00 4,332.70 1,155.50 879.10 55.40 4.90 11.30 4.50 

VP-42 ug/l SLIGHTLY NORTH OF VP 39 AND 20 FEET WEST OF 37 
MOBILE LABORATORY 

Depth of Screened Interval 11-12 16-17 21-22 26-27 31-32 36-37 41-42 46-47 51-52 56-57 61-62 66-67 
Date 4/11/2008 4/11/2008 4/11/2008 4/11/2008 4/11/2008 4/11/2008 4/11/2008 4/11/2008 4/11/2008 4/11/2008 4/11/2008 4/11/2008 
Vinyl Chloride 2.9 2.5 2.2 2.2 <2 <2 <2 <2 <2 <2 <2 <2 
1,1-Dichloroethene 2.7 2.6 2.2 3.9 2 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 
trans-1,2-Dichloroethene 8.9 8.8 9 9.6 8.9 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 
cis-1,2-Dichloroethene 9.5 8.5 16 73 10.2 9.8 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 
1,1-Dichloroethane <2.5 <2.5 4.5 23 0.4J <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 
1,1,1-Trichloroethane 3.2 2.3 16 810D 7.6 2 10 10 2.5 0.7 0.7 0.7 
Trichloroethene 2.1 1.5 65D 670D 10 1.6 0.95 0.7 0.6 <0.5 <0.5 <0.5 
Tetrachloroethene 18 8.9 230D 2,800D 750D 13 78D 73D 13 1.2 1.1 0.9 

Totals 47.30 35.10 344.90 4,391.70 789.10 26.40 10.95 10.70 16.10 1.90 1.80 1.60 
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SOUTH MUNICIPAL WATER SUPPLY WELL SUPERFUND SITE
 

SUMMARY OF SUPPLEMENTAL VERTICAL PROFILING MOBILE LABORATORY ANALYTICAL RESULTS UG/L
 

TABLE 1
 

VP-43 ug/l EAST OF VP-41, IN TOPOGRAPHIC LOW WEST OF WETLANDS (+/- 6 FOOT DIFFERENCE IN SURFACE ELEVATION) 
MOBILE LABORATORY 

Depth of Screened Interval 
ELEVATION DIFFERENCE OF 
Date 

7-8 12-13 17-18 22-23 27-28 32-33 37-38 46-47 
13-14 18-19 23-24 28-29 33-34 38-39 43-44 48-49 

4/14/2008 4/14/2008 4/14/2008 4/14/2008 4/14/2008 4/14/2008 4/14/2008 4/14/2008 
Vinyl Chloride 
1,1-Dichloroethene 
trans-1,2-Dichloroethene 
cis-1,2-Dichloroethene 
1,1-Dichloroethane 
1,1,1-Trichloroethane 
Trichloroethene 
Tetrachloroethene 

<2 <2 <2 <2 <2 2.6 <2 <2 
<0.5 <0.5 <0.5 <0.5 <0.5 3.7 7.7 2.6 
<2.5 <2.5 <2.5 <2.5 <2.5 8.9 9 <2.5 
<2.5 <2.5 <2.5 <2.5 <2.5 13 16 9.7 
<2.5 <2.5 <2.5 <2.5 <2.5 11 15 <2.5 
0.6 0.6 0.6 0.6 <0.5 260D 700D 13 

<0.5 <0.5 <0.5 <0.5 <0.5 220D 480D 6.9 
0.7 0.9 0.7 0.7 0.7 3,700D 5,000D 140D 

Totals 1.30 1.50 1.30 1.30 0.70 4,219.20 6,227.70 172.20 

VP-44 ug/l NORTH OF VP-41 
MOBILE LABORATORY 

Depth of Screened Interval 12-13 17-18 22-23 27-28 32-33 37-38 42-43 47-48 52-53 57-58 62-63 
Date 4/15/2008 4/15/2008 4/15/2008 4/15/2008 4/15/2008 4/15/2008 4/15/2008 4/15/2008 4/15/2008 4/15/2008 4/15/2008 
Vinyl Chloride <2 <2 <2 <2 3 <2 <2 <2 <2 <2 <2 
1,1-Dichloroethene <0.5 <0.5 <0.5 2.1 3.8 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 
trans-1,2-Dichloroethene <2.5 <2.5 <2.5 8.9 9.2 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 
cis-1,2-Dichloroethene <2.5 <2.5 <2.5 10 25 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 
1,1-Dichloroethane <2.5 <2.5 <2.5 <2.5 19 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 
1,1,1-Trichloroethane <0.5 <0.5 0.8 6.2 700D 1.4 2.3 1 0.7 <0.5 <0.5 
Trichloroethene <0.5 <0.5 <0.5 6.5 550D 1.4 1.8 0.6 <0.5 <0.5 <0.5 
Tetrachloroethene 0.7 0.7 3.4 110D 4,600D 16 14 2.8 1.1 0.8 0.7 

Totals 0.70 0.70 4.20 33.70 5,910.00 18.80 18.10 4.40 1.80 0.80 0.70 

Notes
 
E - Concentration of analyte exceeds the calibration range of the instrument.
 
J - Analyte detected but less than the lowest calibration standard.
 
D - Concentration detected as a result of dilution.
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 FOCUSED FEASIBILITY STUDY FOR SOURCE MASS REDUCTION AND PLUME MANAGEMENT
 
SOUTH MUNICIPAL WATER SUPPLY WELL SUPERFUND SITE
 

GENERAL RESPONSE ACTIONS AND ASSOCIATED REMEDIAL TECHNOLOGIES 

TABLE 2 

GENERAL RESPONSE ACTIONS REMEDIAL TECHNOLOGY TYPES AND PROCESS OPTIONS SITE PROBLEMS PRIMARILY ADDRESS BY TECHNOLOGIES 

Natural Recovery No Direct Action Considered in accordance with the NCP. 

Institutional Actions Implementation of groundwater use restrictions. 

Mitigates the potential health risk exposures to VOCs in groundwater 
through ingestion or dermal exposures by prohibiting the use of on-
and off-Site groundwater. 

Containment Actions Containment Process 
• Permeable Reactive Barrier 
• Enhancement of existing pump and treat system 

• Installation of Air Sparge/SVE curtain 

• Installation of ARTs curtain 

Containment actions to be used either singularly or in concert with 
source treatment actions to attain the remedial action objectives set 
forth by the TI waiver. 

Any containment option which relies on the extraction or injection of 
fluids (i.e. water or air) will likely experience declines in well 
efficiencies due to biofouling. Special consideration with respect to 
mechanical containment/treatment is necessary given the current 
state of existing treatment system and the required maintenance to 
keep the system operating. 

Removal • 
Excavation of source materials with on or off-Site 
disposal. 

Excavation of source materials is not possible due to the location of 
the source area with respect to structures, the depth of the impacted 
zone and the shallow water table. 

Treatment Actions Mass Reduction 
• Electrical Resistance Heating 

• 
In‐Situ Thermal Destruction with Steam Enhanced 
Extraction 

• In‐Situ Chemical Oxidation 

• In‐Situ  Biological Reductive Dechlorination 

Treatment options would decrease the volume, toxicity and mobility 
of on-property source areas, thereby reducing the chemical flux into 
groundwater. 

Aquifer heterogeneity may be problematic for technologies that 
require contact between reagents or additives with the VOCs. 

Contingency/Preventative Actions Wellhead Treatment at the South Well 
Provides additional protection against accidental ingestion of VOC 
impacted groundwater. 
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No Action/ None Not Applicable

Monitoring Natural 
Attenuation

Groundwater 
Monitoring

 

 

 

Containment Actions Mechanical 
Containment Pump and Treat

Air Sparge/SVE

ARTS

Institutional Controls
Groundwater use 

ordinances

Town Zoning

 

  

 

 Vertical Barriers

Horizontal Barriers

Chemical Barrier

Bottom Sealing

FOCUSED FEASIBILITY STUDY FOR SOURCE MASS REDUCTION AND PLUME MANAGEMENT
 
SOUTH MUNICIPAL WATER SUPPLY WELL SUPERFUND SITE
 

SUMMARY OF PRELIMINARY SCREENING TECHNOLOGIES FOR THE SOUTH MUNICIPAL WATER SUPPLY WELL SUPERFUND SITE
 
TABLE 3
 

General Response Actions Remedial Technology Process Options Description	 Screening Comments 

No Action/ None 

Monitoring Natural 
Attenuation 

Institutional Controls 
Groundwater use 

ordinances 

Town Zoning 

Containment Actions Mechanical 
Containment Pump and Treat 

Air Sparge/SVE 

ARTS 

Permeable Reactive 
BarrierVertical Barriers Permeable Reactive 
Barrier 

Chemical Barrier 

Horizontal Barriers 

Notes: 

Deleted from consideration 

Not Applicable 

Groundwater 
Monitoring 

No Action - Continued Operation of the Required for consideration by NCP as a 
Currently Remedy baseline. 

Routine monitoring of VOC concentrations in Not retained for consideration. 
groundwater in/outside of TI Waiver Boundary. Groundwater modeling demonstrates that 
Considered in concert with source reduction mass reductions within the source area to 
measures. concentrations less than 500 ppb are 

required to meet the requirements of the TI 
waiver boundary. On-property mass 
reductions to less than 500 ppb are cost 
prohibitive. Currently there is little 
degradation of the plume. 

Protection to groundwater exposure by Retained for consideration in as a part of a 
prohibiting or limiting its use through ordinances comprehensive site remedy. 
or zoning 

Enhance current remedy by installing additional Retained for consideration 
extraction wells. 

Enhance current remedy by the addition of an 	 Not retained for consideration. Given the 
air sparge/SVE curtain.	 on-going difficulties in maintaining the 

existing extraction system, enhancement 
of the system using air injection 
technologies was eliminated from 
consideration due to the likelihood of 
further compounded maintenance issues 
resulting from air injection. 

Enhance current remedy by the addition of an Not retained for consideration. Given the 
ARTSARTS curttain. i  diffi  lti  i  i t i i  thi	 on-going difficulties in maintaining the 

existing extraction system, enhancement 
of the system using air injection 
technologies was eliminated from 
consideration due to the likelihood of 
further compounded maintenance issues 
resulting from air injection. 

Boundary constructed of iron filings and sand, Retained for consideration.
 
allowing for passive treatment of impacted water
 
flowing through the trench.
 

Linear alignment of ISCO injection points to Not retained for consideration due to the 

create an oxidative barrier on the downgradient uncertainty of barrier lifespan .
 
side of the plume. Barrier would have limited 

lifespan of 1-3 years depending on consumption 

of the oxidants. Multiple injections required.
 

Grout injection to create impervious barrier Not Retained
 
beneath the source to mitigate the affects of 

vertical contaminant migration.
 

Bottom Sealing 
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FOCUSED FEASIBILITY STUDY FOR SOURCE MASS REDUCTION AND PLUME MANAGEMENT
 
SOUTH MUNICIPAL WATER SUPPLY WELL SUPERFUND SITE
 

SUMMARY OF PRELIMINARY SCREENING TECHNOLOGIES FOR THE SOUTH MUNICIPAL WATER SUPPLY WELL SUPERFUND SITE
 
TABLE 3 

General Response Actions Remedial Technology Process Options Description Screening Comments 

General Response Actions Remedial Technology Process Options 

Removal/Treatment Actions Excavation Excavation/Remo 

Excavation/Treat 

On-site 
Treatment 

Physical and/or 
Chemical 

Thermal

Biological 

Thermal 

In-Situ Enhanced 
Extraction 

Thermal 

Biological 

Physical
Chemical
Physical 
Chemical 

Contingency/Preventative 
Technology Options 

Well Head Treatment 
of the South Well 

VOC Stripping or 
Carbon Polishing at 

the South Well 

Notes: 

Deleted from consideration for further screening 

Description Screening Comments 

Excavation and offsite removal of materials from Not feasible due to the location and depth 

within the defined source area. of contamination.
 

Excavation and onsite or offsite treatment of Not feasible due to the location and depth 

materials from with in the defined source area. of contamination.
 

Post excavation treatment methods for onsite Not feasible due to the location and depth 

soils include soil washing, stabilization, of contamination.
 
solidification, and chemical oxidation/reduction.
 

Post excavation soil treatment methods include Not feasible due to the location and depth 

aerobic and anaerobic bioreactors and land of contamination.
 
farming.
 

Post excavation soil treatment methods Not feasible due to the location and depth 

including low temperature thermal stripping, wet of contamination.
 
air oxidation, and rotary kiln incineration.
 

Enhanced mass removal through solvent Not Retained for Consideration due to the 

flushing and physical extraction within the potential mobilization of DNAPL and the 

source area. limitations currently demonstrated by on-

going pumping. 

In place enhanced biodegradation through Retained for Consideration 

supplemental substrates and electron donors. 

Biological augmentation may be necessary.
 

In place destruction of VOCs through thermal Retained for Consideration
 
processes including electrical resistance 

heating, in-situ thermal destruction (conductive 

heating combined with steam enhanced 

extraction).
 

In place treatment of soils including chemical Retained for Consideration
 
oxidation and/or reduction.
 

Mechanical stripping or carbon absorption of Retained for Consideration
 
VOC contaminants that may be captured by the 

South Well under operating conditions prior to 

public distribution.
 

Page 1 of 2HULL & ASSOCIATES, INC. SEPTEMBER 2009
 
MASON, OHIO NHB034.200.0016
 



       

               

       

       

   

     

     

         

                       

         

 FOCUSED FEASIBILITY STUDY FOR SOURCE MASS REDUCTION AND PLUME MANAGEMENT
 
SOUTH MUNICIPAL WATER SUPPLY WELL SUPERFUND SITE
 

REMEDIAL TECHNOLOGIES RETAINED FOR PRELIMINARY SCREENING
 

TABLE 4
 

GENERAL RESPONSE ACTIONS REMEDIAL TECHNOLOGY OPTIONS 

No Action/Natural Recovery • Natural Recovery with monitoring. • No Action 
• Aquifer protection from the groundwater 
overly district within the Town Code (Chapter 

Institutional Actions • Groundwater use restrictions. 245). 

• Electrical Resistance Heating 
• In-Situ Thermal Destruction with Steam 

Source Treatment Actions • Thermal Treatment Enhanced Extraction 
• Chemical Oxidation • Permanganate 
• Biological Reductive Dechlorination • Catalyzed Hydrogen Peroxide 

• Sodium Percarbonate with 3DME 
• EOS® 
• AquaBupHTM 

• Enhancement of the Pump and Treat 
Containment Actions • Mechanical/Active Containment Containment System 

• Passive Containment • Permeable Reactive Barrier 

Preventative Actions • Wellhead Treatment of the South Well • VOC Treatment with Stripping Technology 

• VOC Treatment with Carbon Polishing 
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 FOCUSED FEASIBILITY STUDY FOR SOURCE MASS REDUCTION AND PLUME MANAGEMENT
 
SOUTH MUNICIPAL WATER SUPPLY WELL SUPERFUND SITE
 

SUMMARY OF ANALYTICAL RESULTS FOR SAMPLES COLLECTED FROM THE MW-9 WELL CLUSTER
 

TABLE 5
 

MW-9U MW-9M MW-9L 

DATE  PCE TCE
 1,1,1 
TCA 

Target 
VOC 
Total PCE TCE 1,1,1 TCA 

Target 
VOC 
Total  PCE TCE 1,1,1 TCA 

Target 
VOC 
Total 

Aug-91 40.0 8.0 11.0 59.0 450.0 10.0 10.0 470.0 1000.0 120.0 340.0 1460.0 
Jan-92 9.0 30.0 6.0 45.0 4.0 31.0 6.0 41.0 960.0 64.0 220.0 1244.0 
Nov-93 ND1. 1.0 ND 1.0 ND ND ND -- 700.0 180.0 260.0 1140.0 
Apr-94 ND ND ND -- 430.0 87.0 150.0 667.0 380.0 87.0 150.0 617.0 
Jul-94 1.0 3.0 ND 4.0 1.0 ND ND 1.0 NS NS NS --
Jan-95 ND ND ND -- ND ND ND -- 240.0 42.0 93.0 375.0 
Jul-95 NS2. NS NS -- NS NS NS -- 180.0 31.0 60.0 271.0 
Nov-96 ND ND ND -- ND ND ND -- 100.0 23.0 32.0 155.0 
Jun-97 ND ND ND -- ND ND ND -- 24.0 4.0 3.0 31.0 
Jul-98 ND ND ND -- 0.9 ND ND 0.9 200.0 100.0 86.0 386.0 
Dec-05 88.0 22.0 6.0 116.0 1200.0 260.0 170.0 1630.0 87.0 5.0 2.0 94.0 
Mar-06 1300.0 250.0 380.0 1930.0 440.0 93.0 110.0 643.0 230.0 7.0 13.0 250.0 
Jul-06 640.0 140.0 140.0 920.0 640.0 380.0 160.0 1180.0 390.0 16.0 30.0 436.0 
Dec-06 51.0 29.0 14.0 94.0 1.0 1.0 0.7J3. 2.0 110.0 8.0 2.0 120.0 
Oct-07 344.0 125.0 103.0 572.0 2.4 0.8 J ND 2.4 871.0 41.6 81.4 994.0 
Apr-08 77.9 28.8 36.6 143.3 3.4 -- ND 3.4 493.0 29.4 16.1 538.5 
Aug-08 24.9 7.5 5.7 38.1 7.1 0.6 ND 7.7 494.0 21.9 22.2 538.1 

Notes: 
1. ND - Constituent not detected at concentrations greater than the reporting limits. 
2. NS - Not sampled. 
3. J-flage - Estimated value. 
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 FOCUSED FEASIBILITY STUDY FOR SOURCE MASS REDUCTION AND PLUME MANAGEMENT
 
SOUTH MUNICIPAL WATER SUPPLY WELL SUPERFUND SITE
 

SUMMARY OF SUPPLEMENTAL SOIL ANALYTICAL RESULTS FOR THE FOCUSED FEASIBILITY STUDY
 

TABLE 6
 

PARAMETER / SAMPLE NUMBER NHB034:FSSB1: 
S160300 

NHB034:FSSB1: 
S350450 

NHB034:FSSB2: 
S217270 

NHB034:FSSB2: 
S400468 

NHB034:FSSB3: 
S160200 

NHB034:FSSB3: 
S200300 

SAMPLE LOCATION METHODS Units FSSB - 1 FSSB - 1 FSSB - 2 FSSB - 2 FSSB - 3 FSSB - 3 

DEPTH 16.0 - 30.0 35.0 - 45.0 21.7 - 27.0 40.0 - 46.8 16.0 - 20.0 20.0 - 30.0 

Date Collected 4-16-08 4-16-08 4-12-08 4-12-08 4-15-08 4-15-08 

Soil Type 
Sandy Silt 

Fine/Med Sand 
with Silt 
(bedded) Fine Silty Sand 

Fine/Med Sand 
with Silt 
(bedded) Fine Silty Sand Fine Silty Sand 

Ferric Iron WC44 mg/Kg dry 15 540 480 730 49 510 
Ferrous Iron WC44 mg/Kg dry 8.3 7.6 180 75 540 400 
Total Organic Carbon Walkley Black mg/Kg dry <31.0 <30 250 <30 <30 <30 
Copper 6010B mg/Kg dry 5.6 3.5 3.9 3 2.6 4.6 
Manganese 6010B mg/Kg dry 150 110 86 130 27 50 
Zinc 6010B mg/Kg dry 16 16 14 11 14 18 
Percent Solids 160.3 % 80 84 80 84 82 82 

SEPTEMBER 2009 
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 FOCUSED FEASIBILITY STUDY FOR SOURCE MASS REDUCTION AND PLUME MANAGEMENT
 
SOUTH MUNICIPAL WATER SUPPLY WELL SUPERFUND SITE
 

SUMMARY OF SUPPLEMENTAL GROUNDWATER ANALYTICAL RESULTS FOR THE FOCUSED FEASIBILITY STUDY MG/L
 

TABLE 7
 

PARAMETER / SAMPLE NUMBER NHB033:GZH4U:G 
041608 

NHB033:GZH4M:G 
041608 

NHB033:GZH4I:G 
041608 

NHB033:GZH4L: 
G041608 

NHB033:GZ104U: 
G041508 

NHB033:GZ104M: 
G041508 

NHB033:GZ104L: 
G041508 

NHB033:GZ105U: 
G041508 

WELL ID METHODS GZH4U GZH4M GZH4I GZH4L MW104U MW104M MW104L MW105U 

Date Collected 4-16-08 4-16-08 4-16-08 4-16-08 4-15-08 4-15-08 4-15-08 4-15-08 

Biochemical Oxygen Demand (5 DAY) 
Chemical Oxygen Demand 
Total Organic Carbon 
Nitrate as N 
Nitrite as N 
Sulfate as SO4 
Sulfide1. 

SM5210B/405.1 
HACH8000 
SM5310B/EPA415.1 
EPA300 
EPA300 
EPA300 
EPA376.2/SM4500S 

<3 
12.3 
<1 
NS 
NS 
NS 
NS 

<3 
13.1 
<1 
NS 
NS 
NS 
NS 

<3 
8.79 
<1 
NS 
NS 
NS 
NS 

<3 
<5 
<1 
NS 
NS 
NS 
NS 

<32. 

7.63 
0.797J 

NS3. 

NS 
NS 
NS 

<3 
10.3 

0.388J 
NS 
NS 
NS 
NS 

<3 
<5 

0.311J 
NS 
NS 
NS 
NS 

<3 
12.1 

2 
NS 
NS 
NS 
NS 

PARAMETER / SAMPLE NUMBER NHB033:GZ105M: 
G041508 

NHB033:GZ105L: 
G041508 

NHB033:MW9U:G 
041508 

NHB033:MW9M: 
G041508 

NHB033:MW9L:G 
041508 

NHB033:EX10:W0 
41408 

NHB033:EX4:W04 
1408 

NHB033:EX5A:W0 
41408 

WELL ID METHODS MW105M MW105L MW9U MW9M MW9L EX10 EX-4 MW5A 

Date Collected 4-15-08 4-15-08 4-15-08 4-15-08 4-15-08 4-14-08 4-14-08 4-14-08 

Biochemical Oxygen Demand (5 DAY) 
Chemical Oxygen Demand 
Total Organic Carbon 
Nitrate as N 
Nitrite as N 
Sulfate as SO4 
Sulfide1. 

SM5210B/405.1 
HACH8000 
SM5310B/EPA415.1 
EPA300 
EPA300 
EPA300 
EPA376.2/SM4500S 

<3 
12.5 

0.457J 
NS 
NS 
NS 
NS 

<3 
10.5 

0.911J 
NS 
NS 
NS 
NS 

<3 
22.9 
2.79 

0.0500J4. 

0.11 
6.52 

<0.100 

<3 
27.1 
4.93 
NS 
NS 
NS 
NS 

<3 
8.55 

0.447J 
NS 
NS 
NS 
NS 

NS 
NS 

1.01 
NS 
NS 
NS 
NS 

NS 
NS 

0.847J 
NS 
NS 
NS 
NS 

<3 
5.7 

0.498J 
NS 
NS 
NS 
NS 

Notes: 

1. The method is not accredited by NELAC. 
2. Not detected at the specified reporting limit. 
3. Not Sampled. 
4. Estimated value. 
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 FOCUSED FEASIBILITY STUDY FOR SOURCE MASS REDUCTION AND PLUME MANAGEMENT
 
SOUTH MUNICIPAL WATER SUPPLY WELL SUPERFUND SITE
 

REMEDIAL ALTERNATIVES MATRIX
 

TABLE 8
 

Estimated Estimated 
Plume Area Source Mass Treatment Volume Figure PRG ERH ISTD/SEE ISCO Regenesis EOS/AquaBupH Containment Preventative 

pounds cubic yards 

11,640 13,740 Figure 9	 Alternative 3 Alternative 4 Alternative 5
 
14,500 29,206 Figure 10 1,000 ppb Alternative 3A 

15,307 39,750 Figure 11 1,000 ppb Alternative 6 Alternative 7 Alternative 8
 

16,245 68,250 Figure 11	 Alternative 9 Alternative 10 Alternative 11
 

16,553 93,290 Figure 15	 Alternative 18
 

Polishing 42,000 Figure 16 Alternative 19B
 
1,000 ppb Alternative 19D
 

16,376 145,200 Figure 13 MCLs Alternative 12 Alternative 13 Alternative 14
 

Figure 14	 Alternative 15 Alternative 16 Alternative 17
 

448 11,300 Figure 16	 Alternative 19A
 
Alternative 19C
 

330 5,629 Figure 14 MCLs Alternative 15A 

Alternative 0
 
Figure 7 Alternative 1
 

Alternative 1A
 

Alternative 2A
 
variable NA MCLs Alternative 2B
 

Figure 4-10 Alternative 2
 

Alternative 20
 
NA NA NA MCLs Alternative 21
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NOTE: Alternative 0 is the No Action Remedy 
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 FOCUSED FEASIBILITY STUDY FOR SOURCE MASS REDUCTION AND PLUME MANAGEMENT
 
SOUTH MUNICIPAL WATER SUPPLY WELL SUPERFUND SITE
 

SUMMARY OF REMEDIAL ALTERNATIVES EVALUATED FOR PRELIMINARY SCREENING
 

TABLE 9 

Requires 
Previous Offsite Present 

Numbering Detailed Cost Type of Implementation Performance Innovative Subject to Transport and Worth of O&M 
Alternative Remedy System Table PRG Action Perioda. Periodb. Technology LDRs Disposalc. Capital Costd. Coste. Total Cost 

M
O

D
. T

O
 C

U
R

R
E

N
T 

R
E

M
E

D
Y

N
o 

A
ct

io
n

C
O

N
TA

IN
M

E
N

T 
f. 

Alternative 0 - No Action 0 Table K-1 -- None 30 years Immediately No No No $0 $3,577,170 $3,577,170 
Continued Operation of 
Treatment System As-Is 

Alternative 1 - Enhance 1 Table K-2 MCL/ Containment 12-24 months 30 years No Possible Yes $881,240 $3,578,335 $4,459,575 
Existing Containment System. Containment 
Barrier to be used in 
combination with mass 
reduction alternatives. Assume 
30 years of O&M 

Alternative 1A - Enhance 1A Table K-3 MCL/ Containment 12-24 months 6 years No Possible Yes $881,240 $1,374,500 $2,255,740 
Existing Containment System. Containment 
Barrier to be used in 
combination with mass 
reduction alternatives. Assume 
6 years of O&M 

Alternative 2 - 600' Permeable 19 Table K-4 MCL/ Treatment/ 6-12 months 15-30 years No Possible Yes $4,843,760 $438,160 $5,281,920 
Reactive Barrier. Barrier to be Containment Mass 
used in combination with mass Reduction 
reduction alternatives. Assume and 
30 years O&M Containment 

Alternative 2A - 500' 19A Table K-5 MCL/ Treatment/ 6-12 months 15-30 years No Possible Yes $4,181,230 $438,160 $4,619,390 
Permeable Reactive Barrier. Containment Mass 
Barrier to be used in Reduction 
combination with mass and 
reduction alternatives. Assume Containment 
30 years O&M 

Alternative 2B - 400' 19B Table K-6 MCL/ Treatment/ 6-12 months 15-30 years No Possible Yes $3,597,030 $438,160 $4,035,190 
Permeable Reactive Barrier. Containment Mass 
Barrier to be used in Reduction 
combination with mass and 
reduction alternatives. Assume Containment 
30 years O&M 
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 FOCUSED FEASIBILITY STUDY FOR SOURCE MASS REDUCTION AND PLUME MANAGEMENT
 
SOUTH MUNICIPAL WATER SUPPLY WELL SUPERFUND SITE
 

SUMMARY OF REMEDIAL ALTERNATIVES EVALUATED FOR PRELIMINARY SCREENING
 

TABLE 9
 

Requires 
Previous Offsite Present 

Numbering Detailed Cost Type of Implementation Performance Innovative Subject to Transport and Worth of O&M 
Alternative Remedy System Table PRG Action Perioda. Periodb. Technology LDRs Disposalc. Capital Costd. Coste. Total Cost 

>1
0,

00
0 

P
P

B
 T

R
E

A
TM

E
N

T 
ZO

N
E

 
>1

00
,0

00
 P

P
B

 T
R

E
A

TM
E

N
T 

ZO
N

E

Alternative 3 - ERH of 2 Table K-7 1,000 ppb Mass 6-12 months Less than 1 No Possible Yes $3,304,250 $496,005 $3,800,255 
treatment zone greater than Reduction year 
100,000 ppb 

Alternative 3A - ERH of 2A Table K-8 1,000 ppb Mass 6-12 months Less than 1 No Possible Yes $5,293,000 $496,005 $5,789,010 
treatment zone greater than Reduction year 
100,000 ppb Modified 

Alternative 4 - ISTD/SEE of 3 Table K-9 1,000 ppb Mass 6-12 months Less than 1 No Possible Yes $3,630,740 $496,005 $4,126,745 
treatment zone greater than Reduction year 
100,000 ppb 

Alternative 5 - ISCO of 4 Table K-10 1,000 ppb Mass 12-36 months 1-6 years No Possible Yes $3,629,850 $817,600 $4,447,450 
treatment zone greater than Reduction 
100,000 ppb 

Alternative 6 - ERH of 5 Table K-11 1,000 ppb Mass 6-12 months Less than 1 No Possible Yes $7,429,740 $496,005 $7,925,750 
treatment zone greater than Reduction year 
10,000 ppb 

Alternative 7 - ISTD/SEE of 6 Table K-12 1,000 ppb Mass 6-12 months Less than 1 No Possible Yes $7,706,960 $496,005 $8,202,965 
treatment zone greater than Reduction year 
10,000 ppb 

Alternative 8 - ISCO of 7 Table K-13 1,000 ppb Mass 12-36 months 1-6 years No Possible Yes $5,828,030 $817,600 $6,645,630 
treatment zone greater than Reduction 
10,000 ppb 
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 FOCUSED FEASIBILITY STUDY FOR SOURCE MASS REDUCTION AND PLUME MANAGEMENT
 
SOUTH MUNICIPAL WATER SUPPLY WELL SUPERFUND SITE
 

SUMMARY OF REMEDIAL ALTERNATIVES EVALUATED FOR PRELIMINARY SCREENING
 

TABLE 9 

Requires 
Previous Offsite Present 

Numbering Detailed Cost Type of Implementation Performance Innovative Subject to Transport and Worth of O&M 
Alternative Remedy System Table PRG Action Perioda. Periodb. Technology LDRs Disposalc. Capital Costd. Coste. Total Cost 

V
P

-1
7 

H
O

TS
P

O
T 

>1
00

 P
P

B
 T

R
E

A
TM

E
N

T 
ZO

N
E

 
>1

,0
00

 P
P

B
 T

R
E

A
TM

E
N

T 
ZO

N
E Alternative 9 - ERH of 8 Table K-14 1,000 ppb Mass 6-12 months 1-2 years No Possible Yes $11,850,910 $496,005 $12,346,915 

treatment zone greater than Reduction 
1,000 ppb 

Alternative 10 - ISTD/SEE of 9 Table K-15 1,000 ppb Mass 6-12 months 1-2 years No Possible Yes $10,413,500 $496,005 $10,909,505 
treatment zone greater than Reduction 
1,000 ppb 

Alternative 11 - ISCO of 10 Table K-16 1,000 ppb Mass 12-36 months 1-6 years No Possible Yes $8,346,260 $817,600 $9,163,860 
treatment zone greater than Reduction 
1,000 ppb 

Alternative 12 - ERH of 11 Table K-17 MCL Mass 18-24 months 1-2 years No Possible Yes $23,110,400 $496,005 $23,606,405 
treatment zone greater than 100 Reduction 
ppb 

Alternative 13 - ISTD/SEE of 12 Table K-18 MCL Mass 18-24 months 1-2 years No Possible Yes $18,370,000 $496,005 $18,866,005 
treatment zone greater than 100 Reduction 
ppb 

Alternative 14 - ISCO of 13 Table K-19 MCL Mass 12-36 months 1-6 years No Possible Yes $13,593,720 $817,600 $14,411,320 
treatment zone greater than 100 Reduction 
ppb 

Alternative 15 - ERH of 14 Table K-20 MCL Mass 6-12 months Less than 1 No Possible Yes $1,876,070 $99,200 $1,975,270 
treatment zone proximate to VP- Reduction year 
17 Hotspot 

Alternative 15A - Selective 14A Table K-21 MCL Mass 6-12 months Less than 1 No Possible Yes $1,165,880 $99,200 $1,265,080 
ERH of treatment zone Reduction year 
proximate to VP-17 Hotspot 

Alternative 16 - ISTD/SEE of 15 Table K-22 MCL Mass 6-12 months Less than 1 No Possible Yes $2,371,390 $99,200 $2,470,590 
treatment zone proximate to VP- Reduction year 
17 Hotspot 

Alternative 17 - ISCO of 16 Table K-23 MCL Mass 12-36 months 1-2 Years No Possible Yes $2,902,290 $99,200 $3,001,490 
treatment zone proximate to VP- Reduction 
17 Hotspot 
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 FOCUSED FEASIBILITY STUDY FOR SOURCE MASS REDUCTION AND PLUME MANAGEMENT
 
SOUTH MUNICIPAL WATER SUPPLY WELL SUPERFUND SITE
 

SUMMARY OF REMEDIAL ALTERNATIVES EVALUATED FOR PRELIMINARY SCREENING
 

TABLE 9
 

Requires 
Previous Offsite Present 

Numbering Detailed Cost Type of Implementation Performance Innovative Subject to Transport and Worth of O&M 
Alternative Remedy System Table PRG Action Perioda. Periodb. Technology LDRs Disposalc. Capital Costd. Coste. Total Cost 

B
IO

LO
G

IC
A

L 

Alternative 18 - Sodium 
Percarbonate ISCO of 
treatment zone greater than 
100,000 ppb and application of 
electron donor to remainder of 
plume greater than 1000 ppb 
(Regenesis Products) 

17 Table K-24 1,000 ppb Mass 
Reduction 

12-72 months 6-10 years No No No $4,893,570 $1,016,000 $5,909,570 

Alternative 19A - EOS 
Treatment of VP-17 

18A Table K-25 MCL Mass 
Reduction 

6-12 months 3-5 years No No No $489,970 $0 $489,970 

Alternative 19B - EOS On-
Property Polishing 
Treatment of >1,000 ppb 
treatment volume minus Alt. 3A 
volume 

18B Table K-26 polish Mass 
Reduction 

6-12 months 3-5 years No No No $1,647,970 $0 $1,647,970 

Alternative 19C - AquaBupHTM 

Treatment of VP-17 
18C Table K-27 MCL Mass 

Reduction 
6-12 months 3-5 years No No No $860,580 $0 $860,580 

Alternative 19D - AquaBupHTM 

On-Property Polishing 
Treatment of >1,000 ppb 
treatment volume minus Alt. 3A 
volume 

18D Table K-28 polish Mass 
Reduction 

6-12 months 3-5 years No No No $1,835,130 $0 $1,835,130 

Alternative 20 -Wellhead 20 Table K-29 -- Preventative 9-12 months 30 years No No No $843,230 $1,022,380 $1,865,610 
Treatment of the South Well 
(Stripper). Assume 30 years 
O&M 

Alternative 21 - Wellhead 21 Table K-30 -- Preventative 9-12 months 30 years No No No $916,160 $1,431,335 $2,347,495 
Treatment of the South Well 
(Carbon). Assume 30 years 
O&M 

NOTES 
a. Excluding time required for design and operations and maintenance. 
b. Time required to meet PRG after implementation of remediation. 
c. Soil cuttings and trench spoils generated during remedial actions will require off-Site disposal. Pending analytical results, some of the environmental media may be 

classified as hazardous by characteristic requiring compliance with LDR. Some remedies may generate DNAPL or DNAPL laden sludges which will be subject to LDR. 
d. Engineering support and project contingencies are varied based on the uncertainty associated with the remedy. 
e. Present worth operations and maintenance costs assume a 7% discount in accordance with OSWER Directive 9355.3-20, 1993. 
f. The costs presented for permeable reactive barrier containment does not include the capital costs for purchasing the Morrison Trust property. 
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FOCUSED FEASIBILITY STUDY FOR SOURCE MASS REDUCTION AND PLUME MANAGEMENT
 
SOUTH MUNICIPAL WATER SUPPLY WELL SUPERFUND SITE
 

COMPREHENSIVE TREATMENT SCENARIOS CONSIDERED FOR COMPARATIVE ANALYSES
 

TABLE 11
 

COMPREHENSIVE 
TREATMENT 

SCENARIO (CTS) 
INCLUDED 

ALTERNATIVES BRIEF SUMMARY OF TREATMENT 

ESTIMATED 
VOLUME OF 

AQUIFER 
TREATED 

ESTIMATED 
MASS TREATED 

(LBS) 
Contingency 

Remedy CAPITAL COST O&M 
TOTAL ALT. 

COST 

TOTAL 
SCENARIO 

COST 

CTS 1 --
Alternative 0 

Institutional Controls 
No Action 

Total 

--
--

--
300-600 lbs/yr2. 

300-600 lbs/yr 

No 
No $0 

$0 

$3,577,170 

$3,577,170 

$0 
$3,557,170 

$3,557,170 
CTS 21. 

--
Alternative 6 
Alternative 15A 
Alternative 2A 

Institutional Controls 
ERH of >10,000 Zone 
ERH of select VP-17 Zone 
PRB 500 Feet 

Total 

39,750 
5,629 

--

45,379 

15,307 
330 3. 

unknown 

15,307 

No 
No 
No 
No 

$7,429,740 
$1,165,880 
$4,181,230 

$12,776,850 

$496,005 
$99,200 

$438,160 

$1,033,370 

$0 
$7,925,745 
$1,265,080 
$4,619,390 

$13,810,220 
CTS 31. 

--
Alternative 6 
Alternative 19C 
Alternative 2A 

Institutional Controls 
ERH of >10,000 Zone 
AuqaBupH of VP-17 
PRB 500 Feet 

Total 

39,750 
11,300 

--

51,050 

15,307 
446 

unknown 
15,753 

15,753 

No 
No 
No 
No 

$7,429,740 
$860,580 

$4,181,230 

$12,471,550 

$496,005 
$0 

$438,160 

$934,170 

$0 
$7,925,750 
$860,580 

$4,619,390 

$13,405,720 
CTS 4 1. 

--
Alternative 3A 
Alternative 15A 
Alternative 19D 
Alternative 2B 

Institutional Controls 
ERH of >100,000 Modified 
ERH of select VP-17 Zone 
AuqaBupH of On-Property >1,000 omitting 3A 
PRB 400 Feet 

Total 

25,600 
5,629 

42,000 
--

73,229 

14,500 
330 

polishing 
unknown 

14,830 

No 
No 
No 
No 
No 

$5,293,000 
$1,165,880 
$1,835,130 
$3,597,030 

$11,891,040 

$496,005 
$99,200 

$0 
$438,160 

$1,033,370 

$0 
$5,789,010 
$1,265,080 
$1,835,130 
$4,035,190 

$12,924,410 
CTS 51. 

--
Alternative 3A 
Alternative 19C 
Alternative 19D 
Alternative 2B 

Institutional Controls 
ERH of >100,000 Modified 
AuqaBupH of VP-17 
AuqaBupH of On-Property >1,000 omitting 3A 
PRB 400 Feet 

Total 

25,600 
11,300 
42,000 

--

78,900 

15,500 
446 

polishing 
unknown 

15,946 

No 
No 
No 
No 
No 

$5,293,000 
$860,580 

$1,835,130 
$3,597,030 

$11,585,740 

$496,005 
$0 
$0 

$438,160 

$934,170 

$0 
$5,789,010 
$860,580 

$1,835,130 
$4,035,190 

$12,519,910 

Note: 
1. PRB cost could range from $4,035,190 for a 400' wall to $5,281,920 for a 600' wall. 
2. Estimates based on mass removal reported in Annual Reports Year 13, 14 and 15. 
3. The estimated mass for Alternative 15A is based on 75% of the mass calculated for Alternative 15. 
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FOCUSED FEASIBILITY STUDY FOR SOURCE MASS REDUCTION AND PLUME MANAGEMENT 
SOUTH MUNICIPAL WATER SUPPLY WELL SUPERFUND SITE 

COMPARATIVE ANALYSIS OF COMPREHENSIVE TREATMENT SCENARIOS 

TABLE 12 

National Contingency Plan Criteria 
CTS 1 

Alternative 0 plus 
Institutional Controls 

CTS 2 CTS 3 CTS 4 CTS 5 
Alternatives 2A, 6, 15A plus Alternatives 2A, 6, 19C plus Alternatives 2B, 3A, 15A and 19D plus Alternatives 2B, 3A, 19C, and 19D plus 

Institutional Controls Institutional Controls Institutional Controls Institutional Controls 

OVERALL PROTECTIVENESS OF HUMAN HEALTH 
AND THE ENVIRONMENT 

Potable and non-potable use of impacted groundwater 
by current receptors. 

Groundwater Protection Overlay within Town zoning 
provides protection. 

Aggressive on and off-property source area treatment 
via ERH would reduce the flux of VOCs into the 
groundwater system, thereby reducing the overall risk 
for ingestion. The reactive barrier provides protection 
to downgradient portions of the aquifer. The 
Groundwater Protection Overlay within the Town Zoning 
provides additional protections with respect to 
groundwater exposures. 

Due to the uncertainty of bedrock VOC contribution, 
wellhead treatment can, if necessary, be applied as a 
contingency. Operation of wellhead treatment would 
prevent the accidental ingestion of VOCs if and when 
the South Well is reactivated. 

Aggressive on-property source area treatment via ERH 
and off-property bioremediation would reduce the flux of 
VOCs into the groundwater system, thereby reducing 
the overall risk for ingestion and potential vapor 
intrusion. The reactive barrier provides protection to 
downgradient portions of the aquifer. The Groundwater 
Protection Overlay within the Town Zoning provides 
additional protections with respect to groundwater 
exposures. 

Due to the uncertainty of bedrock VOC contribution, 
wellhead treatment can, if necessary, be applied as a 
contingency. Operation of wellhead treatment would 
prevent the accidental ingestion of VOCs if and when 
the South Well is reactivated. 

Aggressive on and off-property source area treatment 
via ERH would reduce the flux of VOCs into the 
groundwater system, thereby reducing the overall risk 
for ingestion and potential vapor intrusion. The reactive 
barrier provides protection to downgradient portions of 
the aquifer. The Groundwater Protection Overlay within 
the Town Zoning provides additional protections with 
respect to groundwater exposures. 

Due to the uncertainty of bedrock VOC contribution, 
wellhead treatment can, if necessary, be applied as a 
contingency. Operation of wellhead treatment would 
prevent the accidental ingestion of VOCs if and when 
the South Well is reactivated. 

Aggressive on-property source area treatment via ERH, 
bioremediation for off-property source areas and 
bioremediation for on-property plume polishing reduce 
the flux of VOCs into the groundwater system, thereby 
reducing the overall risk for ingestion and potential 
vapor intrusion. The reactive barrier provides 
protection to downgradient portions of the aquifer. The 
Groundwater Protection Overlay within the Town Zoning 
provides additional protections with respect to 
groundwater exposures. 

Due to the uncertainty of bedrock VOC contribution, 
wellhead treatment can, if necessary, be applied as a 
contingency. Operation of wellhead treatment would 
prevent the accidental ingestion of VOCs if and when 
the South Well is reactivated. 

Potable and non-potable use of impacted groundwater 
by future receptors. 

Groundwater Protection Overlay within Town zoning 
provides protection. 

Aggressive on and off-property source area treatment 
via ERH would reduce the flux of VOCs into the 
groundwater system, thereby reducing the overall risk 
for ingestion and potential vapor intrusion. The reactive 
barrier provides protection to downgradient portions of 
the aquifer. The Groundwater Protection Overlay within 
the Town Zoning provides additional protections with 
respect to groundwater exposures. 

Due to the uncertainty of bedrock VOC contribution, 
wellhead treatment can, if necessary, be applied as a 
contingency. Operation of wellhead treatment would 
prevent the accidental ingestion of VOCs if and when 
the South Well is reactivated. 

Aggressive on-property source area treatment via ERH 
and off-property bioremediation would reduce the flux of 
VOCs into the groundwater system, thereby reducing 
the overall risk for ingestion and potential vapor 
intrusion. The reactive barrier provides protection to 
downgradient portions of the aquifer. The Groundwater 
Protection Overlay within the Town Zoning provides 
additional protections with respect to groundwater 
exposures. 

Due to the uncertainty of bedrock VOC contribution, 
wellhead treatment can, if necessary, be applied as a 
contingency. Operation of wellhead treatment would 
prevent the accidental ingestion of VOCs if and when 
the South Well is reactivated. 

Aggressive on and off-property source area treatment 
via ERH would reduce the flux of VOCs into the 
groundwater system, thereby reducing the overall risk 
for ingestion and potential vapor intrusion. The reactive 
barrier provides protection to downgradient portions of 
the aquifer. The Groundwater Protection Overlay within 
the Town Zoning provides additional protections with 
respect to groundwater exposures. 

Due to the uncertainty of bedrock VOC contribution, 
wellhead treatment can, if necessary, be applied as a 
contingency. Operation of wellhead treatment would 
prevent the accidental ingestion of VOCs if and when 
the South Well is reactivated. 

Aggressive on-property source area treatment via ERH, 
bioremediation for off-property source areas and 
bioremediation for on-property plume polishing reduce 
the flux of VOCs into the groundwater system, thereby 
reducing the overall risk for ingestion and potential 
vapor intrusion. The reactive barrier provides 
protection to downgradient portions of the aquifer. The 
Groundwater Protection Overlay within the Town Zoning 
provides additional protections with respect to 
groundwater exposures. 

Due to the uncertainty of bedrock VOC contribution, 
wellhead treatment can, if necessary, be applied as a 
contingency. Operation of wellhead treatment would 
prevent the accidental ingestion of VOCs if and when 
the South Well is reactivated. 

Vapor Intrusion Though vapor intrusion has not been confirmed based 
on sampling, the remedy does not provide protection 
against vapor intrusion on property; however, through 
containment does provide some protection to 
downgradient receptors. 

Aggressive ERH treatment in the >10,000 treatment 
zone would remediate VOCs likely contributing to 
elevated sub-slab vapors beneath the NHBB building 
and would aid in mitigating the VI risk due to the 
treatment and/or destruction of source mass beneath 
the building. 

Thermal technologies use SVE to recover volatilized 
constituents; the SVE would also provide protection 
from potential VI exposures inside the NHBB building 
during active remediation. 

Successful containment will mitigate VI potential for 
points downgradient of the containment boundary. 

Aggressive ERH treatment in the >10,000 treatment 
zone would remediate VOCs likely contributing to 
elevated sub-slab vapors beneath the NHBB building 
and would aid in mitigating the VI risk due to the 
treatment and/or destruction of source mass beneath 
the building. 

Thermal technologies use SVE to recover volatilized 
constituents; the SVE would also provide protection 
from potential VI exposures inside the NHBB building 
during active remediation. 

Successful containment will mitigate VI potential for 
points downgradient of the containment boundary. 

Aggressive ERH treatment in the >100,000 Modified 
treatment zone would remediate VOCs likely 
contributing to elevated sub-slab vapors beneath the 
NHBB building and would aid in mitigating the VI risk du
to the treatment and/or destruction of source mass 
beneath the building. 

Thermal technologies use SVE to recover volatilized 
constituents; the SVE would also provide protection 
from potential VI exposures inside the NHBB building 
during active remediation. 

Successful containment will mitigate VI potential for 
points downgradient of the containment boundary. 

e 

Aggressive ERH treatment in the >100,000 Modified 
treatment zone would remediate VOCs likely 
contributing to elevated sub-slab vapors beneath the 
NHBB building and would aid in mitigating the VI risk du
to the treatment and/or destruction of source mass 
beneath the building. 

Thermal technologies use SVE to recover volatilized 
constituents; the SVE would also provide protection 
from potential VI exposures inside the NHBB building 
during active remediation. 

Successful containment will mitigate VI potential for 
points downgradient of the containment boundary. 

e 

Environmental Protection Provides modest protection to the environment 
downgradient of the property. 

The CTS will provide source reduction and plume 
management measures which are protective of the 
environment. 

The CTS will provide source reduction and plume 
management measures which are protective of the 
environment. 

The CTS will provide source reduction and plume 
management measures which are protective of the 
environment. 

The CTS will provide source reduction and plume 
management measures which are protective of the 
environment. 

COMPLIANCE WITH ARARs 

Chemical-Specific ARARs. Continued operation of CTS 0 will not likely result in 
compliance with the ARARs because the field work 
associated with the FFS has identified a source area 
beyond the TI waiver boundary. 

Safe Drinking Water Act Maximum Contaminant Levels 
(SDWA MCLs) are applicable for groundwaters 
essentially beyond the NHBB property boundaries. 
Elevated VOCs are permissible within the boundaries of 
the 1997 Technical Impracticability (TI) Waiver Area, 
which includes the NHBB property. Incomplete or 
unsuccessful treatment of the VP-17 hotspot may allow 
for contaminant concentrations greater than the MCLs 
outside the TI waiver boundary as defined in the 1997 
ESD. 

Safe Drinking Water Act Maximum Contaminant Levels 
(SDWA MCLs) are applicable for groundwaters 
essentially beyond the NHBB property boundaries. 
Elevated VOCs are permissible within the boundaries of 
the 1997 Technical Impracticability (TI) Waiver Area, 
which includes the NHBB property. Incomplete or 
unsuccessful treatment of the VP-17 hotspot may allow 
for contaminant concentrations greater than the MCLs 
outside the TI waiver boundary as defined in the 1997 
ESD. 

Safe Drinking Water Act Maximum Contaminant Levels 
(SDWA MCLs) are applicable for groundwaters 
essentially beyond the NHBB property boundaries. 
Elevated VOCs are permissible within the boundaries of 
the 1997 Technical Impracticability (TI) Waiver Area, 
which includes the NHBB property. Incomplete or 
unsuccessful treatment of the VP-17 hotspot may allow 
for contaminant concentrations greater than the MCLs 
outside the TI waiver boundary as defined in the 1997 
ESD. 

Safe Drinking Water Act Maximum Contaminant Levels 
(SDWA MCLs) are applicable for groundwaters 
essentially beyond the NHBB property boundaries. 
Elevated VOCs are permissible within the boundaries of 
the 1997 Technical Impracticability (TI) Waiver Area, 
which includes the NHBB property. Incomplete or 
unsuccessful treatment of the VP-17 hotspot may allow 
for contaminant concentrations greater than the MCLs 
outside the TI waiver boundary as defined in the 1997 
ESD. 

Location-Specific ARARs. Remedy does not negatively impact the wetlands or 
surface water. 

Installation of the PRB along the former rail spur could 
result in soil discharge into the wetlands will require 
compliance with the executive orders for the protection 
of wetlands and appropriate sections of the CWA. 
Appropriate precautions including SWPPP would be 
necessary to mitigate any adverse effects as a result of 
Site work near the wetlands. 

Installation of the PRB along the former rail spur could 
result in soil discharge into the wetlands will require 
compliance with the executive orders for the protection 
of wetlands and appropriate sections of the CWA. 
Appropriate precautions including SWPPP would be 
necessary to mitigate any adverse effects as a result of 
Site work near the wetlands. 

Installation of the PRB along the former rail spur could 
result in soil discharge into the wetlands will require 
compliance with the executive orders for the protection 
of wetlands and appropriate sections of the CWA. 
Appropriate precautions including SWPPP would be 
necessary to mitigate any adverse effects as a result of 
Site work near the wetlands. 

Installation of the PRB along the former rail spur could 
result in soil discharge into the wetlands will require 
compliance with the executive orders for the protection 
of wetlands and appropriate sections of the CWA. 
Appropriate precautions including SWPPP would be 
necessary to mitigate any adverse effects as a result of 
Site work near the wetlands. 

Action-Specific ARARs. Remedy complies with the substantive requirements of 
NPDES and NESHAPs. 

Remedy would comply with the substantive requirement 
of NPDES and NESHAPs; remedy will require the 
management of remedial wastes in compliance with 
RCRA. 

Remedy would comply with the substantive requirement 
of NPDES, NESHAPs and underground injection 
control; remedy will require the management of remedial 
wastes in compliance with RCRA. 

Remedy would comply with the substantive requirement 
of NPDES, NESHAPs and underground injection 
control; remedy will require the management of remedial 
wastes in compliance with RCRA. 

Remedy would comply with the substantive requirement 
of NPDES, NESHAPs and underground injection 
control; remedy will require the management of remedial 
wastes in compliance with RCRA. 

Other Criteria and Guidance to be Considered. State and Federal Vapor Intrusion Guidance are 
considered TBC guidance. 

State and Federal Vapor Intrusion Guidance are 
considered TBC guidance. 

State and Federal Vapor Intrusion Guidance are 
considered TBC guidance. 

State and Federal Vapor Intrusion Guidance are 
considered TBC guidance. 

State and Federal Vapor Intrusion Guidance are 
considered TBC guidance. 

LONG-TERM EFFECTIVENESS AND 
PERFORMANCE 

Magnitude of Residual Risk Institutional controls should mitigate the risk of 
uncontrolled use of groundwater at or near the Site. 

The remedy provides for substantial reductions in 
source mass which in turn reduces Site risk with respec 
to groundwater and vapor intrusion. Institutional 
controls which limit groundwater use near the Site 
provide additional protections to groundwater 
exposures. 

The remedy provides for substantial reductions in 
source mass which in turn reduces Site risk with respec 
to groundwater and vapor intrusion. Institutional 
controls which limit groundwater use near the Site 
provide additional protections to groundwater 
exposures. 

The remedy provides for substantial reductions in 
source mass which in turn reduces Site risk with respec 
to groundwater and vapor intrusion. Institutional 
controls which limit groundwater use near the Site 
provide additional protections to groundwater 
exposures. 

The remedy provides for substantial reductions in 
source mass which in turn reduces Site risk with respec 
to groundwater and vapor intrusion. Institutional 
controls which limit groundwater use near the Site 
provide additional protections to groundwater 
exposures. 

Adequacy and Reliability of Controls. There is high uncertainty with regard to the longevity of 
the current containment system due to continued 
performance issue related to biofouling. If containment 
failure should occur, the potential for vapor intrusion 
from groundwater in downgradient structures would 
increase and there is the potential for uncontrolled 
discharge of VOC impacted water to the river. 

Source treatment actions will provide irreversible, quick 
mass reductions; remaining plumes will be treated by th 
barrier. The PRB is intended to provide long term 
containment/treatment of the dissolved phase plume; 
however there is some uncertainty with respect to 
biological/mineralogical fouling or passivation of the iron 
in the wall. Providing the wall functions as designed, 
VOCs are destroyed as they pass through the barrier 
and react with the iron providing protection to the aquife 
proximate to the South Well with the expected longevity 
of up to 30 years. 

If needed, contingency treatment, provides additional 
protections from the ingestion of impacted groundwater 

Source treatment actions will provide irreversible, quick 
mass reductions; remaining plumes will be treated by th 
barrier. The PRB is intended to provide long term 
containment/treatment of the dissolved phase plume; 
however there is some uncertainty with respect to 
biological/mineralogical fouling or passivation of the iron 
in the wall. Providing the wall functions as designed, 
VOCs are destroyed as they pass through the barrier 
and react with the iron providing protection to the aquife 
proximate to the South Well with the expected longevity 
of up to 30 years. 

If needed, contingency treatment, provides additional 
protections from the ingestion of impacted groundwater 

Source treatment actions will provide irreversible, quick 
mass reductions; remaining plumes will be treated by th 
barrier. The PRB is intended to provide long term 
containment/treatment of the dissolved phase plume; 
however there is some uncertainty with respect to 
biological/mineralogical fouling or passivation of the iron 
in the wall. Providing the wall functions as designed, 
VOCs are destroyed as they pass through the barrier 
and react with the iron providing protection to the aquife 
proximate to the South Well with the expected longevity 
of up to 30 years. 

If needed, contingency treatment, provides additional 
protections from the ingestion of impacted groundwater 

Source treatment actions will provide irreversible, quick 
mass reductions; remaining plumes will be treated by th 
barrier. The PRB is intended to provide long term 
containment/treatment of the dissolved phase plume; 
however there is some uncertainty with respect to 
biological/mineralogical fouling or passivation of the iron 
in the wall. Providing the wall functions as designed, 
VOCs are destroyed as they pass through the barrier 
and react with the iron providing protection to the aquife 
proximate to the South Well with the expected longevity 
of up to 30 years. 

If needed, contingency treatment, provides additional 
protections from the ingestion of impacted groundwater 

Need for Five-Year Review Five-year review required. Additional pump testing of 
the South Well will be required to assess the 
effectiveness of the remedy. 

Five-year review required. Additional pump testing of 
the South Well will be required to assess the 
effectiveness of the remedy. 

Five-year review required. Additional pump testing of 
the South Well will be required to assess the 
effectiveness of the remedy. 

Five-year review required. Additional pump testing of 
the South Well will be required to assess the 
effectiveness of the remedy. 

Five-year review required. Additional pump testing of 
the South Well will be required to assess the 
effectiveness of the remedy. 

Reduction of Toxicity, Mobility, or Volume 

Treatment Process used. Groundwater Extraction and Treatment Thermal (and related enhanced thermophile 
bioremediation) and reductive dechlorination with zero-
valent iron. 

Thermal (and related enhanced thermophile 
bioremediation), ISBR, and reductive dechlorination with 
zero-valent iron. 

Thermal (and related enhanced thermophile 
bioremediation), ISBR, and reductive dechlorination with 
zero-valent iron. 

Thermal (and related enhanced thermophile 
bioremediation), ISBR, and reductive dechlorination with 
zero-valent iron. 

Amount Destroyed or Treated. Approximately 300-600 lbs/year. Estimated 15,307 pounds plus additional VOC removal 
through the reactive barrier. 

Estimated 15,753 pounds plus additional VOC removal 
through the reactive barrier. 

Estimated 14,830 pounds plus additional VOC removal 
through the reactive barrier. 

Estimated 15,946 pounds plus additional VOC removal 
through the reactive barrier. 

Reduction of Toxicity, Mobility, or Volume. Yes Yes Yes Yes Yes 
Irreversible Treatment. Yes Yes Yes Yes Yes 
Type and Quantity of Residuals Remaining After 
Treatment. 

Estimated >16,000 lbs of total VOCs at the Site related 
to GZH-4, VP-17 and GZ-105 source areas. 

Potential to leave residual DNAPL (outside of thermal 
treatment zones) and the related dissolved phase 
plume. Estimated residual VOCs at +1,000 pounds. 

Potential to leave residual DNAPL (outside of thermal 
treatment zones) and the related dissolved phase 
plume. Estimated residual VOCs at +1,000 pounds. 

Potential to leave residual DNAPL (outside of thermal 
treatment zones) and the related dissolved phase 
plume. Estimated residual VOCs at +100 pounds. 

Potential to leave residual DNAPL (outside of thermal 
treatment zones) and the related dissolved phase 
plume. Estimated residual VOCs at +100 pounds. 

Statutory Preference for Treatment. No. Satisfies the preference for treatment. Satisfies the preference for treatment. Satisfies the preference for treatment. Satisfies the preference for treatment. 

SHORT-TERM EFFECTIVENESS 

Community Protection. Risk to the community no increased unless the South 
Well is activated as a potable water supply without 
additional treatment. 

Risk to the community would be from construction work 
along Rt. 202 and the related increased large truck 
traffic and congestion near the work Site. Low potential 
to generate dust. 

Risk to the community would be from construction work 
along Rt. 202 and the related increased large truck 
traffic and congestion near the work Site. Low potential 
to generate dust. 

Risk to the community would be from construction work 
along Rt. 202 and the related increased large truck 
traffic and congestion near the work Site. Low potential 
to generate dust. 

Risk to the community would be from construction work 
along Rt. 202 and the related increased large truck 
traffic and congestion near the work Site. Low potential 
to generate dust. 

Worker Protection. No risk to workers by implementation of the remedy. On-site workers will be exposed to heavy equipment, 
obstructed traffic patterns, congestion and noise. 
Equipment for the ERH treatment will be house in 
secured fenced area to reduce risk to employees and 
protect the equipment from potential third party 
tampering or vandalism. 

On-site workers will be exposed to heavy equipment, 
obstructed traffic patterns, congestion and noise. 
Equipment for the ERH treatment will be house in 
secured fenced area to reduce risk to employees and 
protect the equipment from potential third party 
tampering or vandalism. 

On-site workers will be exposed to heavy equipment, 
obstructed traffic patterns, congestion and noise. 
Equipment for the ERH treatment will be house in 
secured fenced area to reduce risk to employees and 
protect the equipment from potential third party 
tampering or vandalism. 

On-site workers will be exposed to heavy equipment, 
obstructed traffic patterns, congestion and noise. 
Equipment for the ERH treatment will be house in 
secured fenced area to reduce risk to employees and 
protect the equipment from potential third party 
tampering or vandalism. 

Environmental Impacts. Due to poor performance of the extraction wells, 
portions of the plume may be beyond the capture of the 
system allowing for migration of contamination. 

The PRB provides the greatest risk to the environment, 
primarily the potential to discharge sediments/slurry into 
the wetlands, disruption to wildlife and the clearing and 
grubbing of the work zone and right-of-way along Rt. 
202. The ERH component to the VP-17 hotspot will 
require clearing and grubbing of the work zone. 

The PRB provides the greatest risk to the environment, 
primarily the potential to discharge sediments/slurry into 
the wetlands, disruption to wildlife and the clearing and 
grubbing of the work zone and right-of-way along Rt. 
202. 

The PRB provides the greatest risk to the environment, 
primarily the potential to discharge sediments/slurry into 
the wetlands, disruption to wildlife and the clearing and 
grubbing of the work zone and right-of-way along Rt. 
202. The ERH component to the VP-17 hotspot will 
require clearing and grubbing of the work zone. 

The PRB provides the greatest risk to the environment, 
primarily the potential to discharge sediments/slurry into 
the wetlands, disruption to wildlife and the clearing and 
grubbing of the work zone and right-of-way along Rt. 
202. 

Time Until Action is Complete . Indefinitely (assumed 30 years) 10 - 30 years 10 - 30 years 10 - 30 years 10 - 30 years 
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FOCUSED FEASIBILITY STUDY FOR SOURCE MASS REDUCTION AND PLUME MANAGEMENT 
SOUTH MUNICIPAL WATER SUPPLY WELL SUPERFUND SITE 

COMPARATIVE ANALYSIS OF COMPREHENSIVE TREATMENT SCENARIOS 

TABLE 12 

National Contingency Plan Criteria 
CTS 1 CTS 2 CTS 3 CTS 4 CTS 5 

Alternative 0 plus Alternatives 2A, 6, 15A plus Alternatives 2A, 6, 19C plus Alternatives 2B, 3A, 15A and 19D plus Alternatives 2B, 3A, 19C, and 19D plus 

IMPLEMENTABILITY 

Ability to Construct and Operate. Infrastructure currently in place. 

Source remedies are easy to moderate to install and 
operate; installation of the PRB will be moderate to 
difficult given the length and depth of the wall and the 
limited size of the work area. 

Source remedies are easy to moderate to install and 
operate; installation of the PRB will be moderate to 
difficult given the length and depth of the wall and the 
limited size of the work area. 

Source remedies are easy to moderate to install and 
operate; installation of the PRB will be moderate to 
difficult given the length and depth of the wall and the 
limited size of the work area. 

Source remedies are easy to moderate to install and 
operate; installation of the PRB will be moderate to 
difficult given the length and depth of the wall and the 
limited size of the work area. 

Ease of Doing More Action if Needed. Easy 

Additional source treatment may be difficult if 
undersized power delivery units are mobilized to the 
Site. 

Additional source treatment may be difficult if 
undersized power delivery units are mobilized to the 
Site. 

Additional source treatment may be difficult if 
undersized power delivery units are mobilized to the 
Site. 

Additional source treatment may be difficult if 
undersized power delivery units are mobilized to the 
Site. 

Ability to Monitor Effectiveness. Easy; however, additional piezometers would be 
beneficial. 

Groundwater and vapor analysis monitor remedial 
progress while ERH system is in operation. 

Confirmatory soil sampling is conducted at the 
completion of the ERH remedial action as well a limited 
duration groundwater monitoring. 

Collection of water levels and routine groundwater 
samples monitors the effectiveness of the plume 
containment. 

Groundwater and vapor analysis monitor remedial 
progress while ERH system is in operation. 

Confirmatory soil sampling is conducted at the 
completion of the ERH remedial action as well a limited 
duration groundwater monitoring. 

Collection of water levels and routine groundwater 
samples monitors the effectiveness of the plume 
containment. 

Groundwater and vapor analysis monitor remedial 
progress while ERH system is in operation. 

Confirmatory soil sampling is conducted at the 
completion of the ERH remedial action as well a limited 
duration groundwater monitoring. 

Collection of water levels and routine groundwater 
samples monitors the effectiveness of the plume 
containment. 

Groundwater and vapor analysis monitor remedial 
progress while ERH system is in operation. 

Confirmatory soil sampling is conducted at the 
completion of the ERH remedial action as well a limited 
duration groundwater monitoring. 

Collection of water levels and routine groundwater 
samples monitors the effectiveness of the plume 
containment. 

Ability to Obtain Approvals and Coordinate with Other 
Agencies. 

Third party negotiations with respect to easements, 
access and/or property acquisition may be difficult. 

Maintenance of the institutional controls will require 
coordination between USEPA, Town of Peterborough 

and NHBB. 

Actions that require coordination between USEPA and 
NHDES will be easy to moderate. 

Third party negotiations with respect to easements, 
access and/or property acquisition may be difficult. 

Right-of-way permitting appears to be easy based on 
preliminary discussions with NHDOT District 4. 

Maintenance of the institutional controls will require 
coordination between USEPA, Town of Peterborough 
and NHBB. 

Actions that require coordination between USEPA and 
NHDES will be easy to moderate 

Third party negotiations with respect to easements, 
access and/or property acquisition may be difficult. 

Right-of-way permitting appears to be easy based on 
preliminary discussions with NHDOT District 4. 

Maintenance of the institutional controls will require 
coordination between USEPA, Town of Peterborough 
and NHBB. 

Actions that require coordination between USEPA and 
NHDES will be easy to moderate 

Third party negotiations with respect to easements, 
access and/or property acquisition may be difficult. 

Right-of-way permitting appears to be easy based on 
preliminary discussions with NHDOT District 4. 

Maintenance of the institutional controls will require 
coordination between USEPA, Town of Peterborough 
and NHBB. 

Actions that require coordination between USEPA and 
NHDES will be easy to moderate 

Third party negotiations with respect to easements, 
access and/or property acquisition may be difficult. 

Right-of-way permitting appears to be easy based on 
preliminary discussions with NHDOT District 4. 

Maintenance of the institutional controls will require 
coordination between USEPA, Town of Peterborough 
and NHBB. 

Actions that require coordination between USEPA and 
NHDES will be easy to moderate 

Availability of Treatment and Disposal Services and 
Capacity. NA 

Disposal of soil cutting from the ERH system installation 
are expected to managed and disposed of as 
hazardous waste and will require the services of 
properly licensed transporter and Subtitle C disposal 
facility. Land-ban may be applicable. 

Trench spoils generated from the PRB installation are 
assumed non-hazardous, but will be tested for 
hazardous characteristics. These soil will require on-
Site management in a consolidation area for dewatering 
prior to off-Site disposal to a Subtitle D facility. 

Disposal of soil cutting from the ERH system installation 
are expected to managed and disposed of as 
hazardous waste and will require the services of 
properly licensed transporter and Subtitle C disposal 
facility. Land-ban may be applicable. 

Trench spoils generated from the PRB installation are 
assumed non-hazardous, but will be tested for 
hazardous characteristics. These soil will require on-
Site management in a consolidation area for dewatering 
prior to off-Site disposal to a Subtitle D facility. 

Disposal of soil cutting from the ERH system installation 
are expected to managed and disposed of as 
hazardous waste and will require the services of 
properly licensed transporter and Subtitle C disposal 
facility. Land-ban may be applicable. 

Trench spoils generated from the PRB installation are 
assumed non-hazardous, but will be tested for 
hazardous characteristics. These soil will require on-
Site management in a consolidation area for dewatering 
prior to off-Site disposal to a Subtitle D facility. 

Disposal of soil cutting from the ERH system installation 
are expected to managed and disposed of as 
hazardous waste and will require the services of 
properly licensed transporter and Subtitle C disposal 
facility. Land-ban may be applicable. 

Trench spoils generated from the PRB installation are 
assumed non-hazardous, but will be tested for 
hazardous characteristics. These soil will require on-
Site management in a consolidation area for dewatering 
prior to off-Site disposal to a Subtitle D facility. 

Availability of Equipment, Specialists, and Materials. NA 

Specialty equipment, materials (iron for electrodes) and 
vendors are required to implement the ERH portion of 
the remedy. 

At least a five month lead time is needed to process the 
iron associated with the PRB. 

Specialty equipment, materials (iron for electrodes) and 
vendors are required to implement the ERH portion of 
the remedy. 

At least a five month lead time is needed to process the 
iron associated with the PRB. 

Specialty equipment, materials (iron for electrodes) and 
vendors are required to implement the ERH portion of 
the remedy. 

At least a five month lead time is needed to process the 
iron associated with the PRB. 

Specialty equipment, materials (iron for electrodes) and 
vendors are required to implement the ERH portion of 
the remedy. 

At least a five month lead time is needed to process the 
iron associated with the PRB. 

COSTS 
Capital Cost $0 $12,776,850 $12,471,550 $11,891,040 $11,585,740 
O&M Cost $3,557,170 $1,033,370 $934,170 $1,033,370 $934,170 
Total Net Present Worth Cost of CTS. $3,557,170 $13,810,220 $13,405,720 $12,924,410 $12,519,910 
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30POSED EXTRACTION WELLS 
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PROPOSED MAY BE REQUIRED DEPENDING ON 
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NOTE: 
TREATMENT ALTERNATIVES 1 AND 1A 
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WITH ALTERNATIVES 2 - 1 8  . 
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NOTE: 
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TOTAL CHLORINATED VOCs 

I > 100,000 ug/L 

I 10,000 - 100,000 ug/L 

1,000 - 10,000 ug/L 

I 100 - 1,000 ug/L 

10 - 100 ug/L 

I 1 - 10 ug/L 

• 
TREATMENT ZONE • 
TECHNICAL 
IMPRACTICABILITY 
WAIVER AREA 

LEGEND: 

MW-# ESTIMATED TREATMENT AREA/VOLUME 
GZ-# A GROUNDWATER SQ. FT. = 10,600 P-# ^ MONITORING WELLS 
EM-# CU. FT. = 424,000 

GROUNDWATER EXTRACTION WELL 	 CU. YDS. = 13,740 

MP-# + 	 MINI-PIEZOMETER ESTIMATED MASS 

RP-1 * 	 BEDROCK PIEZOMETER 11,640 POUNDS 

VERTICAL PROFILING MICROWELL 

PHASE I 


VERTICAL PROFILING MICROWELL PHASE VP# + 
HSB# 	 PHASE II SOIL BORING 

INSTALLED DECEMBER 2 7 - 3 0  , 

SUB-SLAB VAPOR SAMPLING POINTS, PHASE I 

INSTALLED DECEMBER 11, 2006 


763 CONSTITUENT CONCENTRATION AT SAMPLING 
VP10 LOCATION 
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- V  P LOCATIONS WITH ALL COCS RESULTS BELOW DETECTION LIMITS HAVE 
AN ASSUMED TOTAL VOC CONCENTRATION OF 0 UG/L. FIGURE 9 
- V P 1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH 

NOTE: 

CONCEPTUAL TREATMENT ALTERNATIVES 3-5 
tes, inc. FEBRUARY 6, 2007. 
ENGINEERS I GEOLOGISTS I SCIENTISTS I PLANNERS 	 >100,000 ppb I- S S V / H S B / V  P LOCATIONS WERE ADVANCED THROUGH A COMMON FLOOR 
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TOTAL CHLORINATED VOCs 

I > 100,000 ug/L 

I 10,000 - 100,000 ug/L 

1,000 - 10,000 ug/L 

I 100 - 1,000 ug/L 

10 - 100 ug/L 

I 1 - 10 ug/L 

• 
TREATMENT ZONE • 
TECHNICAL 
IMPRACTICABILITY 
WAIVER AREA 

LEGEND: 

MW-# ESTIMATED TREATMENT AREA/VOLUME 
GZ-# A GROUNDWATER SQ. FT. = 19,715 P-# ^ MONITORING WELLS 
EM-# CU. FT. = 690,085 

GROUNDWATER EXTRACTION WELL 	 CU. YDS. = 25,600 

MP-# + 	 MINI-PIEZOMETER ESTIMATED MASS 

RP-1 * 	 BEDROCK PIEZOMETER 14,500 POUNDS 

VERTICAL PROFILING MICROWELL 

PHASE I 


VERTICAL PROFILING MICROWELL PHASE VP# + 
HSB# 	 PHASE II SOIL BORING 

INSTALLED DECEMBER 2 7 - 3 0 , 2006 

SUB-SLAB VAPOR SAMPLING POINTS, PHASE I 

INSTALLED DECEMBER 11, 2006 


763 CONSTITUENT CONCENTRATION AT SAMPLING 
VP10 LOCATION 

I FOCUSED FEASIBILITY STUDY FOR SOURCE MASS REDUCTION AND PLUME MANAGEMENT I 
I SOUTH MUNICIPAL WATER SUPPLY SUPERFUND SITE I 

- V  P LOCATIONS WITH ALL COCS RESULTS BELOW DETECTION LIMITS HAVE 
AN ASSUMED TOTAL VOC CONCENTRATION OF 0 UG/L. FIGURE 10 
- V P 1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH 

NOTE: 

CONCEPTUAL TREATMENT ALTERNATIVE 3A 
tes, inc. FEBRUARY 6, 2007. 
ENGINEERS I GEOLOGISTS I SCIENTISTS I PLANNERS >100,000 ppb MODIFIED 
- S S V / H S B / V  P LOCATIONS WERE ADVANCED THROUGH A COMMON FLOOR 

PENETRATION FOR LOCATION VP18 THROUGH VP21. 4770 DUKE DRIVE PHONE: (513) 459-9677 I PETERBOROUGH, NEW HAMPSHIRE	 I
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TOTAL CHLORINATED VOCs 

I > 100,000 ug/L 

I 10,000 - 100,000 ug/L 

1,000 - 10,000 ug/L 

I 100 - 1,000 ug/L 

10 - 100 ug/L 

I 1 - 10 ug/L 

• 
TREATMENT ZONE • 
TECHNICAL 
IMPRACTICABILITY 
WAIVER AREA 

LEGEND: 

MW-# ESTIMATED TREATMENT AREA/VOLUME 
GZ-# A GROUNDWATER SQ. FT. = 30,665 P-# ^ MONITORING WELLS 
EM-# CU. FT. = 1,226,600 

GROUNDWATER EXTRACTION WELL 	 CU. YDS. = 39,750 

MP-# + 	 MINI-PIEZOMETER ESTIMATED MASS 

RP-1 * 	 BEDROCK PIEZOMETER 15,307 POUNDS 

VERTICAL PROFILING MICROWELL 

PHASE I 


VERTICAL PROFILING MICROWELL PHASE VP# + 
HSB# 	 PHASE II SOIL BORING 

INSTALLED DECEMBER 2 7 - 3 0 , 2006 

SUB-SLAB VAPOR SAMPLING POINTS, PHASE I 

INSTALLED DECEMBER 11, 2006 


763 CONSTITUENT CONCENTRATION AT SAMPLING 
VP10 LOCATION 

I FOCUSED FEASIBILITY STUDY FOR SOURCE MASS REDUCTION AND PLUME MANAGEMENT I 
I SOUTH MUNICIPAL WATER SUPPLY SUPERFUND SITE I 

- V  P LOCATIONS WITH ALL COCS RESULTS BELOW DETECTION LIMITS HAVE 
AN ASSUMED TOTAL VOC CONCENTRATION OF 0 UG/L. FIGURE 11 
- V P 1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH 

NOTE: 

CONCEPTUAL TREATMENT ALTERNATIVES 6-8 
tes, inc. FEBRUARY 6, 2007. 
ENGINEERS I GEOLOGISTS I SCIENTISTS I PLANNERS 	 >10,000 ppb I- S S V / H S B / V  P LOCATIONS WERE ADVANCED THROUGH A COMMON FLOOR 

PENETRATION FOR LOCATION VP18 THROUGH VP21. 4770 DUKE DRIVE PHONE: (513) 459-9677 I PETERBOROUGH, NEW HAMPSHIRE	 I
-GROUNDWATER RESULTS FOR GZH-4 , GZ-104 AND GZ-105 WELL SUITE 300 FAX: (513) 459-9869 
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so 
SCALE IN FEET 

TOTAL CHLORINATED VOCs 

I > 100,000 ug/L 

I 10,000 - 100,000 ug/L 

1,000 - 10,000 ug/L 

I 100 - 1,000 ug/L 

10 - 100 ug/L 

I 1 - 10 ug/L 

• 
TREATMENT ZONE • 
TECHNICAL 
IMPRACTICABILITY 
WAIVER AREA 

LEGEND: 

MW-# ESTIMATED TREATMENT AREA/VOLUME 
GZ-# A GROUNDWATER SQ. FT. = 52,653 P-# ^ MONITORING WELLS 
EM-# CU. FT. = 2,108,000 

GROUNDWATER EXTRACTION WELL 	 CU. YDS. = 68,250 

MP-# + 	 MINI-PIEZOMETER ESTIMATED MASS 

RP-1 * 	 BEDROCK PIEZOMETER 16,245 POUNDS 

VERTICAL PROFILING MICROWELL 

PHASE I 


VERTICAL PROFILING MICROWELL PHASE VP# + 
HSB# 	 PHASE II SOIL BORING 

INSTALLED DECEMBER 2 7 - 3 0  , 

SUB-SLAB VAPOR SAMPLING POINTS, PHASE I 

INSTALLED DECEMBER 11, 2006 


763 CONSTITUENT CONCENTRATION AT SAMPLING 
VP10 LOCATION 

I FOCUSED FEASIBILITY STUDY FOR SOURCE MASS REDUCTION AND PLUME MANAGEMENT I 
I SOUTH MUNICIPAL WATER SUPPLY SUPERFUND SITE I 

- V  P LOCATIONS WITH ALL COCS RESULTS BELOW DETECTION LIMITS HAVE 
AN ASSUMED TOTAL VOC CONCENTRATION OF 0 UG/L. FIGURE 12 
- V P 1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH 

NOTE: 

CONCEPTUAL TREATMENT ALTERNATIVES 9-11 
tes, inc. FEBRUARY 6,	 2007. 
ENGINEERS I GEOLOGISTS I SCIENTISTS I PLANNERS 	 >1,000 ppb I- S S V / H S B / V  P LOCATIONS WERE ADVANCED THROUGH A COMMON FLOOR 

PENETRATION FOR LOCATION VP18 THROUGH VP21. 4770 DUKE DRIVE PHONE: (513) 459-9677 PETERBOROUGH, NEW HAMPSHIRE 
-GROUNDWATER RESULTS FOR GZH-4 , GZ-104 AND GZ-105 WELL SUITE 300 FAX: (513) 459-9869 
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N 


TOTAL CHLORINATED VOCs 

I > 100,000 ug/L 

I 10,000 - 100,000 ug/L 

1,000 - 10,000 ug/L 

I 100 - 1,000 ug/L 

10 - 100 ug/L 

I 1 - 10 ug/L 

• 
TREATMENT ZONE • 
TECHNICAL 
IMPRACTICABILITY 
WAIVER AREA 

LEGEND: 

MW-# ESTIMATED TREATMENT AREA/VOLUME 
GZ-# A GROUNDWATER SQ. FT. = 112,000 P-# ^ 	MONITORING WELLS 
EM-# CU. FT. = 4,480,000 

GROUNDWATER EXTRACTION WELL CU. YDS. = 145,200 

MP-# + 	 MINI-PIEZOMETER ESTIMATED MASS 

RP-1 * BEDROCK PIEZOMETER 16,376 POUNDS 

VERTICAL PROFILING MICROWELL 
PHASE I 

VP# + VERTICAL PROFILING MICROWELL PHASE 

HSB# 	 PHASE II SOIL BORING 
INSTALLED DECEMBER 2 7 - 3 0  , 

SUB-SLAB VAPOR SAMPLING POINTS, PHASE I 

INSTALLED DECEMBER 11, 2006 


763 CONSTITUENT CONCENTRATION AT SAMPLING 
VP10 LOCATION 

I FOCUSED FEASIBILITY STUDY FOR SOURCE MASS REDUCTION AND PLUME MANAGEMENT I 

NOTE: I SOUTH MUNICIPAL WATER SUPPLY SUPERFUND SITE I 

- V  P LOCATIONS WITH ALL COCS RESULTS BELOW DETECTION LIMITS HAVE 
AN ASSUMED TOTAL VOC CONCENTRATION OF 0 UG/L. FIGURE 13 
- V P 1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH CONCEPTUAL TREATMENT ALTERNATIVES 12-14 
tes, inc. FEBRUARY 6, 2007. 

ENGINEERS I GEOLOGISTS I SCIENTISTS I PLANNERS - S S V / H S B / V  P LOCATIONS WERE ADVANCED THROUGH A COMMON FLOOR >100 ppb I 
PENETRATION FOR LOCATION VP18 THROUGH VP21. 4770 DUKE DRIVE PHONE: (513) 459-9677 I PETERBOROUGH, NEW HAMPSHIRE	 I
-GROUNDWATER RESULTS FOR GZH-4 , GZ-104 AND GZ-105 WELL SUITE 300 	 FAX: (513) 459-9869 

THIS DRAWING WAS RE-DRAFTED CLUSTERS COLLECTED DURING DECEMBER 2006 QUARTERLY SAMPLING 	 www.hu l l i nc .com | PROJECT NO.: NHB034 | SUBMITTAL DATE: AUGUST 2009 |
"BOUNDARY PLAN OF LAND FOR 	 MASON, OHIO 45040 
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VP43 

VOC LEGEND: 

I >100,000 ug/L 

| 10,000  100,000 ug/L 

| 1,000  10,000 ug/L 

| 100  1,000 ug/L 

| 10  100 ug/L 

| 1  10 ug/L 

NOTE: 
VOC IMPACTED ZONES IN VP43 
WERE DETECTED IN THE OFFSET 
LOCATION 

TREATMENT ZONE 

H~i ALTERNATIVE 15A 

TECHNICAL IMPRACTICABILITY 
WAIVER AREA 

1

ESTIMATED TREATMENT AREA/VOLUME 

 SQ. FT. = 7,650 

CU. FT. = 306,000 

LEGEND: 
CU. YDS. = 11,300 

MW-# 
GZ-#
P-#
EM

A 
^ GROUNDWATER 

MONITORING WELLS 

GROUNDWATER EXTRACTION WELL 

ESTIMATED MASS 

NOTES: 3 0 8 - 4 4  6 POUNDS 
TREATMENT OF THE V P - 1  7 HOTSPOT 
WILL BE CONCURRENT WITH ON-SITE 
SOURCE DESTRUCTION MEASURES. 

MP-#

RP-1

VP#

 + 

* 

+ 

MINI-PIEZOMETER 

BEDROCK PIEZOMETER 

VERTICAL PROFILING MICROWELL 
PHASE I 

VERTICAL PROFILING MICROWELL PHASE 

THE DEPICTED ISOPLETH WAS SELECTED 
BASED ON ITS CONSERVATIVE 
TREATMENT AREA. VOC CONCENTRATIONS 
IN EXCESS OF 10,000 PPB ARE FOUND 
WITHIN THE BOUNDARIES OF THIS ZONE 
AT SAMPLING LOCATIONS OTHER THAN 
VP39. 

VP#

HSB#

 + 

> 

VERTICAL PROFILING MICROWELL 
INSTALLED APRIL 7 - 1 6  , 

PHASE II SOIL BORING 
INSTALLED DECEMBER 2 7 - 3 0  , 2006 

ESTIMATED
40 FEET. 

T ?EATMENT THICKNESS OF 

FSSB-#+ SOIL BORING INSTALLED APRIL 1 2 - 1 

SSV# SUB-SLAB
INSTALLED

 VAPOR SAMPLING POINTS,
 DECEMBER 11, 2006 

 PHASE I 

NOTE: 
-DRILLING LOCATIONS ARE CONCEPTUAL AND SUBJECT TO MODIFICATIONS TO 

ACCOMMODATE ANY UNDER OR ABOVE-GROUND OBSTRUCTIONS. 
- V P  1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH FEBRUARY 6, 2007. 
- S S V / H S B / V  P LOCATIONS WERE ADVANCED THROUGH COMMON FLOOR PENETRATION 

FOR LOCATION VP18 THROUGH VP21. 
tes, inc. 

ENGINEERS I GEOLOGISTS I SCIENTISTS I PLANNERS 

I FOCUSED FEASIBILITY STUDY FOR SOURCE MASS REDUCTION AND PLUME MANAGEMENT I 
I SOUTH MUNICIPAL WATER SUPPLY SUPERFUND SITE I 

FIGURE 14 
CONCEPTUAL TREATMENT ALTERNATIVES 15-17 

VP-17 HOTSPOT 

THIS DRAWING WAS RE-DRAFTED FROM T.F. MORAN, INC. 1 
"BOUNDARY PLAN OF LAND FOR NEW HAMPSHIRE BALL 1 
BEARINGS. INC.". DATED JANUARY 19. 1990. 1 

4770 DUKE DRIVE 
SUITE 300 
MASON, OHIO 45040 
(cT) 2009 HULL & ASSOCIATES. IN 

PHONE: (513) 459-9677 
FAX: (513) 459-9869 
www.hu l l i nc .com 

I PETERBOROUGH, NEW HAMPSHIRE

| PROJECT NO.: NHB034 | SUBMITTAL DATE:

I CAD DWG FILE: NHB034.200.0014 I PLOT DATE:

 I 

 AUGUST 2009 | 
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VP43 

TETRACHLOROETHENE 

I > 100,000 ug/L 

I 10,000 - 100,000 ug/L 

1,000	 - 10,000 ug/L 

I 100 - 1,000 ug/L 

I 10 - 100 ug/L 

I 1 - 10 ug/L 

TREATMENT ZONE 
REGENOX 

ESTIMATED TREATMENT AREA/VOLUME 

SQ. FT. = 10,600 

CU. FT. = 424,000 

CU. YDS. = 13,740 

ESTIMATED MASS 

11,640 POUNDS 

TREATMENT ZONE 
LEGEND 3DME 

MW-# 
GZ-# -̂ - GROUNDWATER ESTIMATED TREATMENT AREA/VOLUME 

MONITORING WELLS 
EM-# 	 SQ. FT. = 60,303 

CU. FT. = 2,414,000 EX-# + GROUNDWATER EXTRACTION WELL 
CU. YDS. = 79,550 

MP-# + MINI-PIEZOMETER 

ESTIMATED MASS RP-1 -̂  BEDROCK PIEZOMETER 
4,913 POUNDS 

VP# VERTICAL PROFILING MICROWELL 

PHASE I 


TECHNICAL 
VP# VERTICAL PROFILING MICROWELL PHASE + 	 IMPRACTICABILITY WAIVEF 

VERTICAL PROFILING MICROWELL AREA VP# + 	 INSTALLED APRIL 7-16, 2008 


PHASE II SOIL BORING NOTE: 
HSB# <• INSTALLED DECEMBER 27-30, 2006 	 3DME TREATMENT WILL ALSO BE 
APPLIED TO THE >100,000 PPB FSSB- SOIL BORING INSTALLED APRIL 1#• 	 ZONE FOLLOWING THE REGENOX 

APPLICATIONS. 
SUB-SLAB VAPOR SAMPLING POINTS, PHASE I 


INSTALLED DECEMBER 11, 2006 

SSV# 

I FOCUSED FEASIBILITY STUDY FOR SOURCE MASS REDUCTION AND PLUME MANAGEMENT I 
NOTE: I SOUTH MUNICIPAL WATER SUPPLY SUPERFUND SITE I 
-VP LOCATIONS WITH ALL COCS RESULTS BELOW DETECTION LIMITS HAVE 
AN ASSUMED TOTAL VOC CONCENTRATION OF 0 UG/L. FIGURE 15 
-VP1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH tes, inc. 	 CONCEPTUAL TREATMENT ALTERNATIVE 18 FEBRUARY 6, 2007. 

ENGINEERS I GEOLOGISTS I SCIENTISTS I PLANNERS 
-SSV/HSB/VP LOCATIONS WERE ADVANCED THROUGH A COMMON FLOOR 
PENETRATION FOR LOCATION VP18 THROUGH VP21. 4770 DUKE DRIVE PHONE: (513) 459-9677 I	 PETERBOROUGH, NEW HAMPSHIRE I 

-GROUNDWATER RESULTS FOR GZH-4, GZ-104 AND GZ-105 WELL 	 SUITE 300 FAX: (513) 459-9869 

THIS DRAWING WAS RE-DRAFTED CLUSTERS COLLECTED DURING DECEMBER 2006 QUARTERLY SAMPLING 	 "BOUNDARY PLAN OF LAND FOR MASON, OHIO 45040 www.hullinc.com | PROJECT NO.: NHB034 | SUBMITTAL DATE: AUGUST 2009 | 
BEARINGS. INC.". DATED JANUAR' EVENT. 	 © 2 0 0 9 HULL & ASSOCIATES. INC. I CAD DWG FILE: NHB034.200.0016 I PLOT DATE: 8/25/09 I 
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VP43 

TOTAL CHLORINATED VOCS 

I > 100,000 ug/L 

I 10,000 - 100,000 ug/L 

1,000 - 10,000 ug/L 

I 100 - 1,000 ug/L 

I 10 - 100 ug/L 

I 1 - 10 ug/L 

TECHNICAL IMPRACTICABILITY 
WAIVER AREA 

PRIMARY TREATMENT 
ZONE ALTERNATIVES 
19A AND 19C 

ESTIMATED TREATMENT AREA/VOLUME 

SQ. FT. = 7,650 

CU. FT. = 306,000 

CU. YDS. = 11,300 

ESTIMATED MASS 
LEGEND 

308 - 446 

MW-# 
GZ-# -̂ -	 GROUNDWATER POLISHING TREATMENT MONITORING WELLS 
EM-# 	 ZONE ALTERNATIVES 

19B AND 19D 
EX-# + GROUNDWATER EXTRACTION WELL 

ESTIMATED TREATMENT AREA/VOLUME 
MP-# + MINI-PIEZOMETER 

SQ. FT. = 32,300 
RP-1 -̂  BEDROCK PIEZOMETER 

CU. FT. = 1,130,500 
VERTICAL PROFILING MICROWELL VP# 	 CU. YDS. = 42,000 
PHASE I 

VP# VERTICAL PROFILING MICROWELL PHASE + 	 ESTIMATED MASS 

VERTICAL PROFILING MICROWELL 
VP# 	 "POLISHING" + 	 INSTALLED APRIL 7-16, 2008 


PHASE II SOIL BORING 
HSB# <• INSTALLED DECEMBER 27-30, 2006 

FSSB-#• SOIL BORING INSTALLED APRIL 1 

SSV# SUB-SLAB VAPOR SAMPLING POINTS, PHASE I 

INSTALLED DECEMBER 11, 2006 


IFOCUSED FEASIBILITY STUDY FOR SOURCE MASS REDUCTION AND PLUME CONTROL I 

I SOUTH MUNICIPAL WATER SUPPLY SUPERFUND SITE I
NOTE: 

-VP LOCATIONS WITH ALL COCS RESULTS BELOW DETECTION LIMITS HAVE 
AN ASSUMED TOTAL VOC CONCENTRATION OF 0 UG/L. FIGURE 16 - CONCEPTUAL TREATMENT 

-VP1	 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH tes, inc. FEBRUARY 6, 2007. 	 ALTERNATIVES 19A, 19B, 19C AND 19D 

ENGINEERS I GEOLOGISTS I SCIENTISTS I PLANNERS 
-SSV/HSB/VP LOCATIONS WERE ADVANCED THROUGH A COMMON FLOOR 
PENETRATION FOR LOCATION VP18 THROUGH VP21. 	 4770 DUKE DRIVE PHONE: (513) 459-9677 I PETERBOROUGH, NEW HAMPSHIRE	 I 

-GROUNDWATER RESULTS FOR GZH-4, GZ-104 AND GZ-105 WELL 	 SUITE 300 FAX: (513) 459-9869 

THIS DRAWING WAS RE-DRAFTED CLUSTERS COLLECTED DURING DECEMBER 2006 QUARTERLY SAMPLING 	 "BOUNDARY PLAN OF LAND FOR MASON, OHIO 45040 www.hullinc.com | PROJECT NO.: NHB034 | SUBMITTAL DATE: AUGUST 2009 | 
BEARINGS. INC.". DATED JANUAR' EVENT. 	 ( c ) 2 0 0 B HULL & ASSOCIATES. INC. I CAD DWG FILE: NHB034.200.0025 I PLOT DATE: 8/25/09 I 
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MW-8 

LEGEND: 

TECHNICAL IMPRACTICABILITY 
WAIVER AREA 

^~EXH-# OPERATING EXTRACTION WELLS 

N 14C 

N 13500 

FOCUSED FEASIBILITY STUDY FOR SOURCE MASS REDUCTION AND PLUME CONTROL I 

SOUTH MUNICIPAL WATER SUPPLY SUPERFUND SITE


FIGURE 17 
Hul 
, inc COMPREHENSIVE TREATMENT SCENARIO 1 


ENGINEERS I GEOLOGISTS I SCIENTISTS I PLANNERS 

4770 DUKE DRIVE PHONE: (513) 459-9677 
 PETERBOROUGH, NEW HAMPSHIRE I 

SUITE 300 FAX: (513) 459-9869 


SOURCE: THIS DRAWING WAS RE-DRAFTED FROM T.F. MORAN, INC. "BOUNDARY PLAN OF 
 www.hulllnc.com | PROJECT NO.: NHB034 | SUBMITTAL DATE: AUGUST 2009 |
MASON, OHIO 45040 
LAND FOR NEW HAMPSHIRE BALL BEARINGS, INC.", DATED JANUARY 19, 1990. 

(cT) 2009 HUH 4 ASSOCIATES, INC. CAD DWG FILE: NHB034.200.0026 I PLOT DATE: 8/25/09 I 

 I 
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LEGEND 

MW-# 
GZ-# GROUNDWATER 

MONITORING WELLS 
EM-# 

EX-# - ^  - GROUNDWATER EXTRACTION WELL 

MP-# + MINI-PIEZOMETER 

BEDROCK PIEZOMETER 

VERTICAL PROFILING MICROWELL 

PHASE I 


VP# 

VP# VERTICAL PROFILING MICROWELL PHASE 	 TOTAL CHLORINATED VOCs + 
I > 100,000 ug/L 


PHASE II SOIL BORING 

INSTALLED DECEMBER 2 7 - 3 0 , 2006 


HSB# 

I 10,000 - 100,000 ug/L 


SUB-SLAB VAPOR SAMPLING POINTS, PHASE I 

INSTALLED DECEMBER 11, 2006 


SSV# 
1,000 - 10,000 ug/L 


763 	 I 100 - 1,000 ug/L CONSTITUENT CONCENTRATION AT SAMPLING 
VP10 LOCATION 

10 - 100 ug/L 


I 1 - 10 ug/L 


NOTE: 

- V  P LOCATIONS WITH ALL COCS RESULTS BELOW DETECTION LIMITS HAVE 


THERMAL TREATMENT 
AN ASSUMED TOTAL VOC CONCENTRATION OF 0 U G /  L 

- V P 1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH 
 ZONE (ALT 6 AND 15A) 


FEBRUARY 6, 2007. 

- S S V / H S B / V  P LOCATIONS WERE ADVANCED THROUGH A COMMON FLOOR 


PERMEABLE REACTIVE BARRIER 
PENETRATION FOR LOCATION VP18 THROUGH VP21. 

-GROUNDWATER RESULTS FOR GZH-4 , GZ-104 AND GZ-105 WELL 
 500x50x3 FEET (ALT 2A) 


CLUSTERS COLLECTED DURING DECEMBER 2006 QUARTERLY SAMPLING 

EVENT. 


ESTIMATED TREATMENT VOLUME 

CU. YDS. = 45,379 

ESTIMATED MASS 
NOTE: THIS DRAWING WAS RE-DRAFTED FROM T.F. MORAN. INC. 

"BOUNDARY PLAN OF LAND FOR NEW HAMPSHIRE BALL 
BEARINGS, INC.", DATED JANUARY 19, 1990. 

15,307 POUNDS 

IFOCUSED FEASIBILITY STUDY FOR SOURCE MASS REDUCTION AND PLUME CONTROL 

I SOUTH MUNICIPAL WATER SUPPLY SUPERFUND SITE 


TECHNICAL 

IMPRACTICABILITY FIGURE 18 

WAIVER AREA & associates, inc. 
 COMPREHENSIVE TREATMENT SCENARIO 2 


ENGINEERS I GEOLOGISTS I SCIENTISTS I PLANNERS 
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LEGEND 

MW-# 
GZ-# GROUNDWATER 

MONITORING WELLS 
EM-# 

EX-# - ^  - GROUNDWATER EXTRACTION WELL 

MP-# + MINI-PIEZOMETER 

BEDROCK PIEZOMETER 

VERTICAL PROFILING MICROWELL 

PHASE I 


VP# 

VP# VERTICAL PROFILING MICROWELL PHASE 	 TOTAL CHLORINATED VOCs + 
I > 100,000 ug/L 


PHASE II SOIL BORING 

INSTALLED DECEMBER 2 7 - 3 0 , 2006 


HSB# 

I 10,000 - 100,000 ug/L 


SUB-SLAB VAPOR SAMPLING POINTS, PHASE I 

INSTALLED DECEMBER 11, 2006 


SSV# 
1,000 - 10,000 ug/L 


763 	 I 100 - 1,000 ug/L CONSTITUENT CONCENTRATION AT SAMPLING 
VP10 LOCATION 

10 - 100 ug/L 


I 1 - 10 ug/L 


NOTE: 
- V  P LOCATIONS WITH ALL COCS RESULTS BELOW DETECTION LIMITS HAVE 


THERMAL TREATMENT 
AN ASSUMED TOTAL VOC CONCENTRATION OF 0 U G /  L 

- V P 1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH ZONE (ALT 6) 

FEBRUARY 6, 2007. 


BIOLOGICAL TREATMENT - S S V / H S B / V  P LOCATIONS WERE ADVANCED THROUGH A COMMON FLOOR 

PENETRATION FOR LOCATION VP18 THROUGH VP21. ZONE (ALT 19C) 

-GROUNDWATER RESULTS FOR GZH-4 , GZ-104 AND GZ-105 WELL 

CLUSTERS COLLECTED DURING DECEMBER 2006 QUARTERLY SAMPLING 
 PERMEABLE REACTIVE BARRIER 
EVENT. 	 500x50x3 FEET (ALT 2A) 

ESTIMATED TREATMENT VOLUME 

CU. YDS. = 51,050 

ESTIMATED MASS 
NOTE: THIS DRAWING WAS RE-DRAFTED FROM T.F. MORAN. INC. 

"BOUNDARY PLAN OF LAND FOR NEW HAMPSHIRE BALL 
BEARINGS, INC.", DATED JANUARY 19, 1990. 

15,753 POUNDS 

IFOCUSED FEASIBILITY STUDY FOR SOURCE MASS REDUCTION AND PLUME CONTROL 

I SOUTH MUNICIPAL WATER SUPPLY SUPERFUND SITE 


TECHNICAL 

IMPRACTICABILITY FIGURE 19 

WAIVER AREA & associates, inc. 
 COMPREHENSIVE TREATMENT SCENARIO 3 
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LEGEND 

MW-# 
GZ-# GROUNDWATER 
P-# MONITORING WELLS -*" 
EM-# 

EX-# + GROUNDWATER EXTRACTION WELL 

MP-# MINI-PIEZOMETER • * • 

RP-1 •f- BEDROCK PIEZOMETER 

VERTICAL PROFILING MICROWELL 

PHASE I 


VP# 

VP# VERTICAL PROFILING MICROWELL PHASE II. 	 TOTAL CHLORINATED VOCs + 
I > 100,000 ug/L 


A PHASE II SOIL BORING HSB# 
INSTALLED DECEMBER 2 7 - 3 0 , 2006 

I 10,000 - 100,000 ug/L 


SUB-SLAB VAPOR SAMPLING POINTS, PHASE Issv# 1,000 - 10,000 ug/L 
INSTALLED DECEMBER 11, 2006 

763 	 I 100 - 1,000 ug/L CONSTITUENT CONCENTRATION AT SAMPLING 
VP10 LOCATION 

10 - 100 ug/L 


I 1 - 10 ug/L 


NOTE: 

- V  P LOCATIONS WITH ALL COCS RESULTS BELOW DETECTION LIMITS HAVE 


THERMAL TREATMENT 
AN ASSUMED TOTAL VOC CONCENTRATION OF 0 U G /  L 

- V P 1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH 
 ZONE (ALT 3A AND 15A) 

FEBRUARY 6, 2007. 

BIOLOGICAL TREATMENT 
- S S V / H S B / V  P LOCATIONS WERE ADVANCED THROUGH A COMMON FLOOR 


PENETRATION FOR LOCATION VP18 THROUGH VP21. ZONE (ALT 19D) 

-GROUNDWATER RESULTS FOR GZH-4 , GZ-104 AND GZ-105 WELL 

CLUSTERS COLLECTED DURING DECEMBER 2006 QUARTERLY SAMPLING 
 PERMEABLE REACTIVE BARRIER 
EVENT. 	 400x50x3 FEET (ALT 2B) 

ESTIMATED TREATMENT VOLUME 

CU. YDS. = 73,229 

ESTIMATED MASS 
THIS DRAWING WAS RE -DRAFTED FROM T.F. MORAN. INC. 
"BOUNDARY PLAN OF LAND FOR NEW HAMPSHIRE BALL 
BEARINGS, INC.", DAT! D JANUARY 19, 1990. 

14,830 POUNDS 

IFOCUSED FEASIBILITY STUDY FOR SOURCE MASS REDUCTION AND PLUME CONTROL 

I SOUTH MUNICIPAL WATER SUPPLY SUPERFUND SITE 


TECHNICAL 

IMPRACTICABILITY FIGURE 20 

WAIVER AREA s associates, inc. 
 COMPREHENSIVE TREATMENT SCENARIO 4 


ENGINEERS I GEOLOGISTS I SCIENTISTS I PLANNERS 
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LEGEND: 

MW-# 
GZ-# 
P-# -*" GROUNDWATER 

MONITORING WELLS 
EM-# 

EX-# + GROUNDWATER EXTRA 

MP-# + MINI-PIEZOMETER 

RP-1 + BEDROCK PIEZOMETER 

VP# VERTICAL PROFILING MICROWELL 
PHASE I 

VP# 

HSB# 
+ VERTICAL PROFILING MICROWELL PHASE 

PHASE II SOIL BORING 

TOTAL CHLORINATED VOCs 

I > 100,000 ug/L ESTIMATED TREATMENT VOLUME 
INSTALLED DECEMBER 27-30 , 2006 

I 10,000  100,000 ug/L CU. YDS. = 78,900 

SSV# SUB-SLAB VAPOR SAMPLING POINTS, PHASE I 
INSTALLED DECEMBER 11, 2006 1,000  10,000 ug/L 

763 
VP10 

CONSTITUENT CONCENTRATION AT SAMPLING 
LOCATION 

I 100  1,000 ug/L 

10  100 ug/L 

ESTIMATED MASS 
15,946 POUNDS NOTE: THIS DRAWING WAS RE-DRAFTED FROM T.F. MORAN. INC. 

"BOUNDARY PLAN OF LAND FOR NEW HAMPSHIRE BALL 
BEARINGS, INC.", DATED JANUARY 19, 1990. 

NOTE: 
-VP LOCATIONS WITH ALL COCS RESULTS BELOW DETECTION LIMITS HAVE 
AN ASSUMED TOTAL VOC CONCENTRATION OF 0 UG/L 
-VP1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH 
FEBRUARY 6, 2007. 
-SSV/HSB/VP LOCATIONS WERE ADVANCED THROUGH A COMMON FLOOR 
PENETRATION FOR LOCATION VP18 THROUGH VP21. 
-GROUNDWATER RESULTS FOR GZH-4, GZ-104 AND GZ-105 WELL 
CLUSTERS COLLECTED DURING DECEMBER 2006 QUARTERLY SAMPLING 
EVENT. 
-BARRIER LOCATION AND LENGTH WILL BE DETERMINED FROM 
PRE-DESIGN WORK. 

I 1  10 ug/L 

THERMAL TREATMENT 
ZONE (ALT 3A) 

BIOLOGICAL TREATMENT 
ZONE (ALT 19C AND 19D) 

PERMEABLE REACTIVE BARRIER 
400x50x3 FEET (ALT 2B) 

TECHNICAL 
IMPRACTICABILITY 
WAIVER AREA & associates, inc. 

ENGINEERS I GEOLOGISTS I SCIENTISTS I PLANNERS 

4770 DUKE DRIVE 
SUITE 300 
MASON, OHIO 45040 
( £  ) 2009 HULL 4 ASSOCIATES. INC. 

PHONE: (513) 459-9677 
FAX: (513) 459-9869 
www.hullinc.com 

IFOCUSED FEASIBILITY STUDY FOR SOURCE MASS REDUCTION AND PLUME CONTROL 
I SOUTH MUNICIPAL WATER SUPPLY SUPERFUND SITE 

FIGURE 21 
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Tracy Edwards 
Hull and Associates, Inc 
4900 Parkway Drive, Suite 100 
Mason, OH 45040 

RE: New Hampshire Ball Bearing, Peterborough, NH-VERTICAL PROFILING 

Dear Tracy: 

In accordance with the proposal dated March 19,2008, enclosed is our report on 
subsurface investigations performed at New Hampshire Ball Bearing, Peterborough, NH. 
This report summarizes the equipment and procedures employed by P&S for vibratory 
soil sampling and the installation of MicroWelis as well as the results of on-site gas 
chromatographic analyses of water. 

We appreciated the opportunity to work with you and thank you for engaging our 
services for this project. If there are any questions, please do not hesitate to call. 

Sincerely yours,
 
Pine &Swallow Environmental
 

~s:J 

867 Boston Road, Groton, MA 01450 Tel: 978-448·9511 Fax: 978-448·6645 www.plneandswa\\ow.com 

http:www.plneandswa\\ow.com
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Limited Subsurface Investigation 

New Hampshire Ball Bearing 

Peterborough, NH
 
VERTICAL PROFILING
 

I. INTRODUCTION AND PROGRAM SUMMARY 

On April 7, 8, 9,10,11,12,14,15.16, 17and 18, 2008, Pine & Swallow Environmental 

(P&S) conducted limited subsurface investigations of the New Hampshire Ball Bearing, 

Peterborough, NH site. The purpose of P&S's effort was to assist Hull and Associates, 

Inc in assessing soil and groundwater conditions at the site. Details of equipment and 

procedures for MicroWell® installation and vibratory soil sampling programs and the 

methodology and results of on-site gas chromatographic (Ge) analyses of groundwater 

samples for selected volatile organic compounds are enclosed. 

Program Summary 

P&S performed vibratory soil sampling at three locations. Thirty-two (32) samples were 

collected in four-foot long tubes and were retained by Hull and Associates, Inc field 

personnel for analysis. 

P&S installed eight MicroWelis. All of the wells were sequentially sampled to permit 

vertical profiling of groundwater quality. Eighty-nine (89) groundwater samples were 

analyzed in P&S's field laboratory for vinyl chloride, 1,1-dichloroethene, trans-1,2

dichloroethene, cis-1,2-dichloroethene, 1,1-dichloroethane, 1,1, 1-trichloroethane, 1,2

dichloroethane, trichloroethene and tetrachloroethene. 

® MicroWel1 and VibraOrill are registered trademarks of Pine & Swallow Associates, Inc. 

867 Boston Road, Groton, MA 01450 Tel: 978-448-9511 Fax: 978-448-6645 www.pineandswallow.com 

http:www.pineandswallow.com
http:9,10,11,12,14,15.16
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All installation and sampling locations were chosen by Hull and Associates, Inc field 

personnel, All analyses were performed in P&S's field laboratory for compounds 

determined by Hull and Associates, Inc's program, 

Pine&Swallow ENVIRONMENTAL 
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II. FIELD INVESTIGATION METHODS AND PROCEDURES 

SOIL INVESTIGATION 

Vibratory Soil Sampling Equipment and Methods 

P&S's vibratory soil sampling system can collect soil samples in a continuous core or 

from a predetermined discrete interval. Soil samples may also be obtained from below 

the groundwater table. P&S utilizes two different soil sampler units depending on soil 

stratigraphy, depth to groundwater, or project requirements.. Both samplers thread onto 

a 1.75-inch 0.0. by five-foot long drill rod. The drill rods are connected to the drive 

socket of the VibraOrill, and under the combined vibration and percussion provided by 

the hydraulic system the assembled soil sampling system penetrates the subsurface. 

The continuous soil sampling system consists of a four-foot long by 1.81" 1.0. by 2.09" 

0.0. hardened steel sampler, which threads onto the drill rods. The sampler consists of 

three parts, all constructed of high strength hardened steel; the drive shoe, sampler 

barrel, and the drill rod adapter. To use the sampler, a dedicated plastic sleeve is 

inserted into the sampler barrel. The leading edge of the sleeve is attached to a 

dedicated plastic adapter, which allows the drive shoe to fit inside the sleeve and thread 

into the sampler barrel. This allows soil to come in contact with one reusable piece of 

the system, the drive shoe. The rest of the system is dedicated plastic, which is not 

reused, therefore reducing the opportunity for cross contamination of samples. 

The assembled unit is attached to the VibraOrill and advanced four feet. The sampler is 

then removed from the subsurface utilizing the pullback capability of the VibraOrill, the 

sample is contained within the sampler. The sampling unit is then disassembled by 

unthreading the drive shoe and drill rod adapter The sample, contained within the 

plastic sleeve, is then removed from the sampler barrel. The sleeve containing the 

sample can then be cut open longitudinally for collection of samples, or the core can be 

capped for later analysis. 

At a minimum, the drive shoe is decontaminated with methanol and distilled water before 

the system is reassembled with a new plastic sleeve and adapter. The system may also 

be extensively decontaminated according to individual project requirements. The 

Pine&Swaliow ENViRONMENTAL 
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reassembled core sampler is then reattached to the drill rods to collect the next 

subsequent four-foot interval. Continuous four-foot cores may be obtained to a depth of 

the groundwater table, or to a depth at which the subsurface soil conditions do not 

maintain an open borehole. The soil below the groundwater may be sampled to a depth 

four feet below the water table with the continuous core system. If additional soil 

samples from below the water table are required, the piston sampler may be utilized. 

P&S's piston soil sampler utilizes the same four-foot sampler barrel fitted with a piston 

point. The sampler is capable of collecting a four-foot long sample from a predetermined 

interval through an inner rod control system. This system utilizes the same plastic 

sleeve to contain the soil sample, making decontamination easier. 

Vibratory Soil Sampling Program 

A total of three locations were sampled by P&S's vibratory soil sampling equipment with 

the VibraDrili H641. Locations were chosen by Hull and Associates, Inc field personnel. 

Depths ranged from four to forty-eight feet below grade and thirty-two four-foot long 

samples were obtained. Details are included on the soil sampling summary table below. 

~-~T .~ ~~-"S.,.o,,-i.1 saiPli~9 Summary .. r Sample I Sampling I ' 

I ID Location, Interval I Recovery Remarks ' 
t. FS SB.:.1 I NearGZ-40 0-40' .. - .. 40' Sample retained by client for analYSls==l 

I. : 4.0'-8.0' ----l.... 4.0' : 
1 

Sample retained by,clleQ!.I'0r analysl~ 
: ---to 8U::.1.;Ul'...J. 4.0' 1SamP.i"-,-e,t,ai",,<lJly...client for analysis,,__.!'1..... 

, F-·..~-~..·,--~1.'!,O'-~~.J 4.0' lsample ret"inecJ.!Jy client for analysis, i
I~.__~......~.. _ ...._ : 16,0'-20.0': 4.0' lSample retained by client for analysis. I 
:!..__ '-j---.__. : 2.... 0. '0.'-24.....0.' .. 1'. 4.0' _'§."f1lJ'ie.re.!..ai.n."d by client !.o~"naIYSis~. 

, 2C1JY-28,Q'... . 4.0' Sample retflined by client for anal)'SJ.sc~j1 

k~=-==t..~=~.. __.jHJ~;~: .. .c==lg, -lj:~!::~;::ilii~~=ii~tE~=;j
 
~L""±'0,0'-~,(l~ .. J_4.0~'~~ ... I.Samfli".retained by client for anal sis. I 

1....__...... L._~ 1 44.0'-48.0' J~._3_lJ'..=:J Sample retainedlJy.£lient for analysls,, __. 
i FS SB-2 Parking Lot 0-4,0'_.--+. 36' I. SarnP!e.re.t.aJ.n.edJ'y"liellt f0':."'lalysis....j1 

, 
, .. ..L......4.0'-8.cQ:.... 4.0'.~ Sample retained by.<;\ient lor analysis. jt= . : -- L. ..Jl.cQ::t.:Lq;.,...j 4 0' ._ ......l.sampli3r:.etalnedJly.client for analy."!? .

f---~'~i' , 120'.16~__:l,O":"......1§ample retained lJyclient for ana~~ 
._~~' .....1E3,Q::-.20Jl'....'..._4Jl'.._.. '2a.rnPl€l retained by client for analysis, 

I" :.... I 20.0'-24.0' 1 4.0' J Sample retained by client for analysis--J
I 

, ....._+' +_.ii4:0'=28:0'j_=3~iT"- rSamPlE>retaJ.n~cj bycTIent for anal)'si~_.... _.......... i 
~ L~2Jl-,-0::32Q.'...+ __~£.._ ..Lsall1f'le retainedJoY.elient for analysis. l 
r----- ' ........ ~__..... _I~ 320'-36,0', 2.6' . ......j..Sa~..r:.etainedJoY.(;IiE'"t for analysi,,_.~I 
'~ ~ : ,36.0'-40,(l'_L.. 20': Sample retfli~~,cIlJy(;lient for ana~is., ...J 

.. .~. .. ..L.40.O.:::l.:lQ'.... ..L 2.1'. i S by clie... "mPle._.r~tainecj ....n. t for analysis.....j' 
_____~' ~_~._. 44.0'-48.0' 2.8' ..I Sample."'!ailled by.<;\ient for analysis, . 

Pine&Swaliow ENVIRONMENTAL 
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'l····· Sample ! Sampling 
~._ i Location Interval Recovery: Remarks i 

i FSSB-3 i par~injL~o"_t:~-+·-:,-::,c.~0':,-c;4;.0:':~~!;~~~",3~.~;7"'~'-:..L_~J.t._-rs,":ac:m=,p~Ie' retained by client for inalysis..J 
: 1 4.0'-8.0' 3.6' Samp~retained by client for analysis. i 
i :::Jf--~~~~~--!--"""'8;CO:ii'·_1"2~c;.6' 4.0' Sample retaine~lien_tf()r analy~lsc""": 
~.-,- --- ,--'-----" 12,_0.::l6.,0_'~._. 4.0' i Sample retained by cli~nt for anal sis. 

16.0'-20.0' 4.0'! Si'rll.P.le retained b client for anal sis.
 
L",~~~f--~,-~~~- .... _lo.0'-2.4.c9'... 3.7' : Sample retained "y.client for analy_si8.
 

24.0'-28.0' 2.6' :.8.."nlJ'.le retained by client for anal sis.
 
t-L~..-..-_-.~l-+-_-=--_~.~~ ...~~~,f'! -.,_~2;;;8:':.0"'c~3..o;2:':O"'-,.r=lL__l.sampler.e.taine<JlJy-,,~.erlt,foranalysi8,
 

Soil samples were relinquished to Hull and Associates, Inc field personnel for analysis 

Pine&Swaliow ENVIRONMENTAL 
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GROUNDWATER INVESTIGATION 

MicroWell Installation Equipment and Methods 

P&S's study included installation of MicroWells for groundwater sampling and water 

level measurements. MicroWelis consist of O.84-inch, 1.3-inch or 1.9-inch a.D. 

steam-cleaned steel pipe whose leading end is fitted with a drive point. Screens, 

manufactured from the same material, consist of a double row of longitudinal slots 

O.015-inch wide on the half-inch pipe. Screens in 1.3-inch or 1.9-inch pipe consist of 

double rows of longitudinal slots O.015-inch wide. In all cases, each slot is two inches 

long and is separated from the next slot by 1/4-inch of unslotted pipe. 

Pine&Swaliow ENVIRONMENTAL 
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FIGURE 1 

MicroWell Schematic 
Diagram 

Screen 

2" X 0.015" 
Screen Slots 

Sump 

Drive • 
Point 

MicroWelis are installed by a high frequency vibratory hammer mounted on a VibraDrill@ 

all terrain drilling machine. VibraDrills are capable of driving 12-foot sections or 21-foot 

sections of pipe depending upon the model; to drive deeper, additional sections of riser 

pipe are welded or crimped on by means of an external steel collar. 

Immediately after driving is completed a water level measurement is taken with a Slope 

Indicator water level meter. Wells are then developed with an inertial pump to remove 

silt and fine sand that has entered through screen slots. Pumping continues until 

discharge water is free of sediment wherever possible. Samples from MicroWelis for 

vac analysis are obtained in lab-clean 40 mL vials with septum screw caps using new 

polyethylene tubing dedicated to each well and sampling interval and following P&S 

sampling protocols All re-usable sampling equipment is decontaminated between 

locations by rinsing with methanol and distilled water. 

Sequential sampling is performed by driving the well screen to a predetermined depth 

and collecting a sample following P&S's standard sampling procedures. A section of 

riser pipe is then connected, the well driven to the next sampling interval and a 

Pine&Swaliow ENVIRONMENTAL 
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subsequent sample taken, At each sampling level, at least three well volumes are 

removed from the well prior to sampling, Samples are collected in lab-clean 40 mL vials 

using new polyethylene tUbing dedicated to each sampling level. Pump valves are 

decontaminated with methanol and rinsed with distilled water between samples, 

MicroWeli Program 

A total of eight MicroWells, constructed of 1,32-inch steel pipe and with one-foot 

screens, were installed at this site by P&S's VibraDrill H641 at locations chosen by Hull 

and Associates, Inc field personnel. MicroWell depths ranged from forty-five (45) to 

seventy-seven (77) feet BGS, The wells were cut below grade, filled with bentonite, 

capped with plugs and abandoned, MicroWelllogs are included in the Appendix, 

Wells were sampled with an inertial pump according to P&S's Standard Operating 

Procedures, Sequential sampling was performed at all of the MicroWells, 

ON-SITE CHEMICAL ANAL YS/S 

P&S utilizes Hewlett Packard 5890 gas chromatographs and a Tekmar 7000/7050 Static 

Headspace and Autosampler to analyze soil, water and soil gas matrices for a variety of 

organic environmental contaminants, Gas chromatography (GG) technology physically 

separates the components of a contaminated matrix and the contaminants are then 

identified using compound-specific detectors, P&S's GG instrumentation currently 

employs three different detection modes, The electron capture detector (EGO) is 

primarily used to identify electromagnetic molecules such as chlorinated, brominated 

and fluorinated compounds, The photoionization detector (PID) is effective in the 

determination of aromatic and/or aliphatic contaminants such as benzene, toluene, 

ethylbenzene and xylenes (BTEX), The flame ionization detector (FlO) identifies 

hydrocarbon-containing molecules such as polynuclear aromatic hydrocarbons and 

petroleum fuel constituents, Analysis is conducted in accordance with P&S's Standard 

Operating Procedures (SOPs), 

Pine&Swaliow ENVIRONMENTAL 
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For water and soil headspace sample matrices which are analyzed to determine 

BTEX/MTBE and chlorinated contaminants, field samples undergo preparation steps 

prior to analysis. For water samples (collected in 40 mL VOA vials), an aliquot of the 

water sample is removed from the closed sampling vial and transferred to a 22 ml 

autosampler vial in the lab. PID/ECD detector modes are utilized for compound 

identification. For soil matrices, an aliquot of soil of approximately 4 to 6 grams is 

collected in the field and immediately transferred to a 22 mL sampling vial containing 

organic-free, distilled reagent water with headspace in the vial. 

The following are typical autosampler analytical conditions. Auto Sampler: Tekmar 

7000/7050 Static Headspace and Autosampler: 

Equilibrate: 
Vortex Mix: 
Stabilize: 
Pressurize: 
Equilibration: 

60°C for 4 
1.0 min 
2.0 min 
14 psi for 0
0.3 min. 

min 

.3 min 

An appropriate analytical capillary column is selected for the suite of analytes under 

study. Once the sample is prepared for analysis and introduced into the GCs heated 

inlet injection port, it is transported in its gaseous form to the analytical column. As a 

sample slug migrates through this column, its various components interact with the 

column film to become temporarily adsorbed and subsequently desorbed. Each 

compound in the test sample transits the column at a different rate which is temperature 

controlled and enhanced, hence creating a unique retention time. Each compound also 

elicits a unique response from the detectors. These responses are translated within the 

data collection system in the form of peaks which are assigned height and area values 

relative to analyses of analytical standards. This data is subsequently evaluated to 

determine concentration of the target analyte within the sample matrix. 

The following are typical GC analytical conditions. GC: Hewlett Packard 5890A. 

Column: Restek RTX-502.2, 30-m, 0.53-J.lm ID, 2.0/mm film thickness fused silica 

capillary column. 
Carrier Gas: Helium 
Flow Rate: 10-13 ml/min 
Initial Column Temperature: 40°C 
Initial Column Holding Time: 2 min 
Ramp Rate: 10°C/min 
Final Temperature: 130°C 

Pine&Swaliow ENVIRONMENTAL 
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APPENDIX 

Standard Abbreviations
 

MicroWeli Logs
 

Analytical Results
 

Limitations and Conditions
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Abbreviations which may have been used in this report and in the MicroVVelllogs. 

mg/Kg 

mg/L 

ppb 

ppm 

~g/g 

~g/Kg 

~g/L 

~g/m3 

" 

cm 

m 

mL 

yd 

BGS 

O-NAPL 

GC 
L-NAPL 

OVM 

Pipe 10 

Pipe 00 

Sample 10 

TOC 

Well 10 

WL 

milligrams per kilogram 

milligrams per liter 

parts per billion 

parts per million 

micrograms per gram 

micrograms per kilogram 

micrograms per liter 

micrograms per cubic meter 

inches (in) 

feet (tt) 

centimeters 

meters 

milliliters 

yards 

below ground surface 

dense non-aqueous phase liquid 

gas chromatograph 

light non-aqueous phase liquid 

organic vapor meter 

internal diameter of pipe 

external diameter of pipe 

sample identification number 

top of casing 

well identification number 

water level 

Pine&Swaliow ENVIRONMENTAL 



MicroWell® Installation Log 
VP-37 

Project Name: NHBB Date: 4/08/08 

PSA Project Number: 08128 Equipment: VD H641 

Location: Parking Lot, upgradient VP-17 PSA Personnel: MC 
Pipe ID: 1.05", Pipe aD: 1.32" W.L.: 11.38' BCS, 
Screen Slot Width: 0.015" (may not be stabilized) 

Well Schematic Sampling Information 

(not to scale) 
Sample ID Screened Interval 

Abandoned VP-37A 11.0-12.0 feet BCS 
2.0' VP-37B 16.0-17.0 feet BGS 

~ VP-37C 21.0-22.0 feet BGS 
Stick 

Up r-: 
Ground
Surface

0

VP-37D 
VP-37E 
VP-37F 

(dup)VP-37G 

26.0-27.0 feet BGS 
31.0-32.0 feet BGS 
36.0-37.0 feet BGS 
41.0-42.0 feet BGS 

VP-37H 46.0-47.0 feet BGS 
VP-37I 51.0-52.0 feet BGS 

Riser VP-37J 56.0-57.0 feet BGS 
Pipe VP-37K 61.0-62.0 feet BGS 

VP-37L 66.0-67.0 feet BGS 
VP-37M 71.0-72.0 feet BGS 

Screen

,,,,,,,,,,,,,,,

76.0' BGS 

77.0' BGS 

Comments: 

GPS: 

Client did not 
sample last interval. 

N 42° 51' 04.9" 
W 0710 58' 03.7" 

11

Point" 

Refusal: No 

Materials 
Additional Tubing: 704 feetUnscreened Pipe: 78 feet 

Screen Length: 1 feet Additional Vials: 28 
Bailers:Points:

Finish: Abandoned 

Pine & Swallow Environmental
 



MicroWell® Installation Log 
VP-38 

Project Name: NHBB Date: 4/09/08
 

PSA Project Number: 08128
 Equipment: VD H641 

Location: Downgradient VP-17 PSA Personnel: MC
 
Pipe ID: 1.05", Pipe aD: 1.32"
 W.L.: 4.3' BGS,
 
Screen Slot Width: 0.015"
 (may not be stabilized) 

Well Schematic Sampling Information 
(not to scale) 

Sample ID Screened Interval 

Abandoned (dup)VP-38A 10.0-11.0 feet BGS 
2.0' VP-38B 15.0-16.0 feet BGS 

.~ 
VP-38C 20.0-21.0 feet BGS 

Stick VP-38D 25.0-26.0 feet BGS ....:.
Up VP-38E 30.0-31.0 feet BGS 

Ground 0 VP-38F 35.0-36.0 feet BGS 
Surface VP-38G 40.0-41.0 feet BGS
 

VP-38H 45.0-46.0 feet BGS
 
VP-381 50.0-51.0 feet BGS
 

Riser VP-38J 54.5-55.5 feet BGS 
Pipe 

,,,,,,,,,,,,,,,

54.5' BGS 
GPS:	 N 42° 51' 05.3" 

W 071" 58' 03.1" 

Screen

55.5' BGS
 
Point '"
 

Refusal: Yes 

Materials
 
Unscreened Pipe: 56.5 feet
 Additional Tubing: 489 feet 

Screen Length: 1 feet Additional Vials: 24 
Points: 1 Bailers: 0 
Finish: Abandoned 
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MicroWell® Installation Log 
VP-39 

Project Name: NHBB 

PSA Project Number: 08128 

Location: Woods behind stone wall 
Pipe ID: 1.05", Pipe aD: 1.32" 
Screen Slot Width: 0.015" 

Well Schematic 
(not to scale) 

Abandoned 

2.0'-r.::;;"'" 

Date: 4/07/08 

Equipment: VD H641 

PSA Personnel: MC 
W.L.: 11.1' BGS, 
(may not be stabilized) 

Sampling Information
 

Sample ID Screened Interval 

VP-39A 
VP-39B 
VP-39C 
VP-39D 
VP-39E 
VP-39F 
VP-39G 
VP-39H 

VP-391 
VP-39J 

VP-39K 

11.0-12.0 feet BGS 
16.0-17.0 feet BGS 
21.0-22.0 feet BGS 
26.0-27.0 feet BGS 
31.0-32.0 feet BGS 
36.0-37.0 feet BGS 
41.0-42.0 feet BGS 
46.0-47.0 feet BGS 
51.0-52.0 feet BGS 
56.0-57.0 feet BGS 
61.0-62.0 feet BGS 

GPS: N 42° 51' 05.5" 
W 0710 58' 03.7" 

Stick ....:
Up 

Ground 0
Surface 

Riser
 
Pipe
 

61.0' BGS 

Screen 

62.0' BGS 
Point ... 

Refusal: No 

Materials 
Unscreened Pipe: 63 feet Additional Tubing: 547 feet 

Screen Length: 1 feet Additional Vials: 24 
Points: 1 Bailers: 0 
Finish: Abandoned 
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MicroWell® Installation Log 

VP-40 

Proiect Name: NHBB Date: 4/09,10/08 

PSA Proiect Number: 08128 Eauioment: VD H641 

Location: Woods 35' N of VP-39 PSA Personnel: MC 
Pipe 10: 1.05", Pipe aD: 1.32" W.L.: 12.6' BGS, 
Screen Slot Width: 0.015" (mav not be stabilized) 

Well Schematic Sampling Information 
(not to scale) 

Sample ID Screened Interval 

Abandoned (4/9(VP-40A 12.0-] 3.0 feet BGS 

.r;::;" 2.0' VP-40B 
VP-40C 

17.0-18.0 feet BGS 
22.0-23.0 feet BGS 

Stick 
Up i--= 

Ground 
Surface 

0 

(4/10)VP-40D 
VP-40E 
VP-40F 
VP-40G 

27.0-28.0 feet BGS 
32.0-33.0 feet BGS 
37.0-38.0 feet BGS 
42.0-43.0 feet BGS 

VP-40H 47.0-48.0 feet BGS 
(dup)VP-40l 52.0-53.0 feet BGS 

Riser VP-40J 57.0-58.0 feet BGS 
Pipe VP-40K 62.0-63.0 feet BGS 

VP-40L 67.0-68.0 feet BGS 

,,,,,,,,,,,,,,,

67.0' BGS 

GPS: N42° 51' 05.8" 
Screen W 071 0 58' 03.1" 

68.0' BGS 
Point ". 

Refusal: No 

Materials 
Unscreened Pipe: 69 feet Additional Tubing: 627 feet 

Screen Length: 1 feet Additional Vials: 13 
Points: 1 Bailers: 0 
Finish: Abandoned 
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MicroWell® Installation Log 
VP-41
 

Proiect Name: NHBB
 Date: 4/10 & 11/08
 

PSA Proiect Number: 08128
 Equipment: VD H641 

Location: North of VP-38 PSA Personnel: MC
 
Pipe ID: 1.05", Pipe OD: 1.32"
 W.L.: 10.08' BGS,
 
Screen Slot Width: 0.015"
 (mav not be stabilized) 

Well Schematic Sampling Information 
(not to scale) 

Sample ID Screened Interval 

Abandoned VP-41A 11.0-12.0 feet BGS 
2.0' VP-41B 16.0-17.0 feet BGSor;:;; 

VP-41C 21.0-22.0 feet BGS 
Stick VP-41D 26.0-27.0 feet BGSI---:

Up VP-41E 31.0-32.0 feetBGS 
Ground 0 VP-41F 36.0-37.0 feet BGS
Surface VP-41G 41.0-42.0 feet BGS
 

VP-41H 46.0-47.0 feet BGS
 
VP-41I 51.0-52.0 feet BGS
 

Riser VP-41J 56.0-57.0 feet BGS 
Pipe (4/11)VP-41K 61.0-62.0 feet BGS 

VP-41L 66.0-67.0 feet BGS 

,,,,,,,,,,,,,,,

66.0' BGS 

GPS: N 42° 51' 06.6" 
Screen W 0710 58' 03.7" 

67.0' BGS 
Point ., 

Refusal: No 

Materials
 
Unscreened Pipe: 68 feet
 Additional Tubing: 627 feet 

Screen Length: 1 feet Additional Vials: 12 
Points: 1 Bailers: 1 
Finish: Abandoned 

Pine & Swallow Environmental
 



MicroWell® Installation Log 

VP-42
 

Proiect Name: NHBB
 Date: 4/11/08 

PSA Proiect Number: 08128 Equipment: VD H641 

Location: Woods PSA Personnel: MC
 
Pipe ID: 1.05", Pipe aD: 1.32"
 W.L.: 11.01' BGS,
 
Screen Slot Width: 0.015"
 (may not be stabilized) 

Well Schematic Sampling Information 
(not to scale) 

SampleID Screened Interval 

Abandoned (dup)VP-42A 11.0-12.0 feet BGS 

T~' 
2.0' VP-42B 16.0-17.0 feet BGS 

VP-42C 21.0-22.0 feet BGS 
Stick VP-42D 26.0-27.0 feet BGSf,...:

Up VP-42E 31.0-32.0 feet BGS
Ground 0 VP-42F 36.0-37.0 feet BGS 
Surface VP-42G 41.0-42.0 feet BGS
 

VP-42H 46.0-47.0 feet BGS
 
VP-42I 51.0-52.0 feet BGS
 

Riser VP-42J 56.0-57.0 feet BGS 
Pipe VP-42K 61.0-62.0 feet BGS 

VP-42L 66.0-67.0 feet BGS 

,,,,,,,,,,,,,,,

66.0' BGS 

GPS: N 42° 51' 04.9" 
Screen W 0710 58' 04.3" 

67.0' BGS 
Point· .., 

Refusal: No 

Materials
 
Unscreened Pipe: 68 feet
 Additional Tubing: 627 feet 

Screen Length: 1 feet Additional Vials: 13 
Points: 1 Bailers: 0 
Finish: Abandoned 

Pine & Swallow Environmental
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Analytical Results 

Pine&Swaliow ENVIRONMENTAL 



Mobile Laboratory Services
 

NHBB Site
 

Peterbourough, New Hampshire
 

(ppb) in
 

Groundwater
 

.. _. 

".. .. 
.<: " ..- .. " .... .. .<: .. '" " 0 - " :5 " .... ~ .. 

'" '" " 0 0 .. .<: .. ...<: :;:: ~ .<: -.. - 0 - 0 .. " .<: 

" .. 
" .. ~ 0 .. -0 :;:: e 0 .<: ...;: c ~ 0~ 

" :;:: 0 -0 0 N .2 .. ~ 

:;:: :;:: 15 " :;:: 0 .2 
~ 

.<: .;: 
" 

~ .<:U " ~ " r;- Ci 0 

">. q .;, 
~ q ": 

:;:: '"BFBin BFBin Depth in " .;, , 
" ~ 

" ~ I!! ~ ~ '" ~ -Sample 10 Comments % ECD % PID Feet ;> ~ - '(3 
~ ~ ~ ~ 

NHB034VP40G120130 125 85 . 12·13 U U U U U U U U 0.9 
~Utl~034VP-40:G170180 180 90 17-18 U U U U U 0.9 U 0.6 3.2 

150 80 
. 

2.5 9.0 11 6.8NHB034:VP-40:G2202~_O 22·23 3.4 U 1.2 U 1.2 
NHBB034:VP-40:G270280 85 75 27-28 U 2.6 9.0 18 - . 5.7 25E U 37E E 
NHBB034VP-40:G270280 X100 130 75 27-28 U U U U U 800 U 800 3000 
NHBB034VP-40:G320330 125 85 32-33 U 2.9 9.0 24 17 53E U U 80E 
NHBB034:VP-40:G320330 X10 155 75 32-33 U U U U U 530 U 850 E._.. 

X50 110 75 U U U U 550 
•. 

U 600 330NHBB034VP-40:G320330 32-33 U 
_NJ:!.BB034:VP-40:G370380 160 85 37·38 U U U 9 U 1.8 U 28 -~ 

NHBB034:VP-40:G370380 X50 155 - 80 37-38 U U U U U U U U 550 
NHBB034:VP-40:G420430 135 75 42-43 U U U U U 1.6 U 1.6 6.7 
NHBB034:VP-40:G470480 140 80 47-48 U U U U U 0.9 _LJ U 1.5 
NHBB034:VP-40:G520530 140 80 52·53 U U U U U 0.7 U U 1.0 

NHBB034:VP-40:G520530A 150 80 52-53 U U U U - U 0.7 U U l~ 
-cNHBB034VP-40:G570580 85 65 57-58 U U U U U 0.7 U U 0.8 

NHBB034Vp·40:G620630 135 75 62-63 U U U U .•. U U U U _." 0.8 
138 

_. 
NHBB034VP-40:G670680 80 67-68 U U U U U U U U 0.9 

130 75 11-12 
-

2.6 U U U U 0.7 _LJ U 0.7NHBB034VP-41 :G110120 
NHBBQ34:VP-41 :8160170 150 75 16-17 2.3 U U U .u 3.6 U 2.3 22E 

,NHBi3"034VP-41 :G160170 
_._. . 

X10 155__ 80 16-17 U U U U U U U U 280.•. 
NHBB034VP-41 :G210220 115 85 21-22 U 9.3 9.2 23 18 E .s. U E 
NHBB034VP-41 :G210220 X1000 160 85 21-22 U U U U U 10000 .LJ 6300 3600D 
NHBB034VP-41G260270 120 85 26-27 2.6 13 9.4 31 22 E _F u E 

X1000 160 85 
....~ 

u u u u U 11000 7300 49000NHBB034VP-41 :8160270 26-27 U 
31 

•.. 
E E U ENHBB034VP-41 :G310320 110 85 31-32 2.6 13 9.4 38 .• 

NHBB034VP-41 :G310320 X1000 150 125 31-32 U U U U U 22000 U 15000 150000 
NHBB034:VP-41 :G360370 110 90 36-37 U 6.6 9.1 19 18 E E U E 
NHBB034VP-41 :G360370 X1000 155 85 36-37 U U U U U 9000 U 5800 28000 
f/ kifEiEEu:ii //: Ui :iiOiCUiiJi iii: U:/ 

U=Analyte not detected above sample quantitation limit.
 
E=Concentration of this analytes exceeds the calibration range of instrument.
 
J=Analyte detected but less than the lowest calibration standard.
 
D:::::The positive value is the result of an analysis at a dilution as noted.
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Mobile Laboratory Services
 
NHBB Site
 

Peterbourough, New Hampshire
 
(ppb) in
 

Groundwater
 

--

'" t: 

'" '" .c: t: '"- '" t: '"'" '" .c: '" '" t: 0 - t: .c: t: '" '" 
~ '" '" - '" t: 

.c: 0 0 .c: '" .c: '" '" '" - :2 ~ - e - t: .c: 

'" 0 '" '" '" -." '"' 0.;: e Ci :2 e 0 ~ .c: '" '"' :2 0 - 0
0 0 0 '" ~ 

:2 :2 N Ci :2 '"' :2 0 .2 
~ 

.;: 
'"' 

~ .c:U '"' ~ '"' '7 0 

;::; .;, 9 is :2 '"'>, ~ ~ f!BFB in BFBin Depth in t: .;, , 
'"'t: ~ .. ~ ~ N 
~ -Sample ID ._ Comments % ECD % PID Feet :> ~ 

~ 'u ~ ~ ~ ~-r-liHBB034:VP-41 :G410420 130 85 41-42 2 4.6 8_9 13 12 E E U E 
]100 125 78 41-42 U U 

-
U U U 1300 U 9000NHBB034:VP-41 :G410420 850 

NHBB034:VP-41 :G460470 98 85 46-47 U 4.1 U 11 11 E E U E 
NHBB034:VP-41 :G460470 X100 125 78 46-47 U U U U U 1400 U 630 6500 

I--nI4BB034:VP-41 :G51 0520 130 80 51-52 U 2.1 U 9.5 U 5? U 2.2 28E 
~~B034:VP-41:G510520 X10 170 90 51-52 U U U U U U U U 360 

125 75 U U U 
-

3.5~034:VP-41 :G560570 56-57 U U 0.9 U 0.5 
NHBB034:VP-41 :G610620 105 70 61-62 U U U U U 2A U 1.1 7.8 
NHBB034:VP-41 :G660670 110 75 66-67 U U U U U 1.0 U 0.6 2.9-

70 9.5 18~J:1_BB034:VP-42911 0120 98 11-12 2.9 2_7 8.9 U 3.2 U 2.1 
NHBB034:VP-42:G1601.70 100 75 16-17 2.5 2.6 8.8 8.5 U 2.3 U 1.5 8.9_. 

-cNHBB034:VP-42:G210220 150 75 21-22 2.2 2.2 9 16 4.5 1? U 27E 56E 
NHBB034:VP-42:G210220 X100 125 75 21-22 U U U U U U U - 650 2300 -
NHBB034:VP-42:G260270 80 75 26-27 2_2 3.9 9.6 73 23 E U E E 
NHBB034:VP-42:G26q270 X1000 145 85 26-27 U U U U U 810p U 6700 28000 
NHBB034:VP-42 :831 03_~_9 150 80 31-32 U 2.0 8.9 10.2 OAJ 7.6 U 10 E 
NHBB034:VP-42:G31 0~20 X1000 150 B5 31-32 U U U U U U U U - 7500 
NHBB034:VP-42:G360370 150 _.. 85 36-37 U U U 9.8 U 2.0 .bI 1.6 13 
NHBB034VP-42:G410420 160 80 41-42 U U U U U 10 U 0.95 34E 

._~. 

r-li~BB034:VP-42:G410420 X10 190 100 41-42 U U U U U u .bI U 780 
NHBB034:VP-42:G410420A 150 75 41-42 U U U U U 11 U 1.0 35E 
NHBB034:VP-42:G410420A X10 122 80 41-42 U U U U U U U U 730 
NHBB034:VP-42:G460470 145 75 46-47 U U U U U 10 U 0.7 34E 

U U 
-

730--""BB034:VP-42: G460470 X10 122 82 46-47 U U U U U U 
NHBB034:Vp·42:G510520 150 80 51-52 U U U U U 2.5 _bI 0.6 13_._.. ._---
NHBB034:VP-42:G560570 150 90 56-57 U U U U U 0.7 U U 1.2 

~B034:VP-42:G610620 150 85 61-62 U U U U U 0.7 U U 1.1 
~B034:VP-42:G660670 155 95 66-67 U U U U U 0.7 U U 0.9 

NHBB034:VP-43:G070080 70 65 7-8 U U U U U 0.6 _,u U 0_7 

75 
. 

U U U U U 0.6 U 0.9NHBB034:VP-43:G120130 85 12-13 U 
170180 122 75 17-18 U U U U U 0_6 U L 0.7 

:j':ij'iilti&i::: 
U::=Analyte not detected above sample quantitation limit.
 
E=Concentratjon of this analytes exceeds the calibration range of instrument
 
J::::Analyte detected but less than the lowest calibration standard.
 
D=The positive value is the result of an analysis at a dilution as noted.
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Mobile Laboratory Services
 
NHBB Site
 

Peterbourough, New Hampshire
 
(ppb) in
 

Groundwater
 

" " " " .r:; " "- " " "" " .r:; " '"" 0 - " .r:; " " " 
~ " '" - '" " .r:; .2 0 .r:; " 

.r:; " " " - .r:; ~ - e - " .r:; 

" 0 " " " -." 0 u :<: 0 0 0 "';: c ~ 
.r:; 

0 
~ u ~ :<: .2 - 0 
0 

~ 
0 " ~ 

:<: :<: c :<: u .r:; 0 0 
(,) u ~ 

~ u ';: u ~ :<:I-;' 0 q ci> C C :<: u 
BFB in BFBin Depth in >. ~ ~ '"" ci> .;.. ~. u ~ 

" ~ '" ~. 

~ -SamDle ID Comments %ECD % PID Feet :> ~ 'u ~ ~ - ~ ~ ~ 

NHBB034:VP~3:G170180A 105 75 17-18 U U U U U 0.6 U U 0.7 
NHBB034:VP-43:G22Q230 107 75 22-23 U U U U U 0.6 U 

.
U 0.7 

~034:VP.43:G270280. 150 95 27-28 U U U U U U U U 0.7 
NHBB034:VP·43:G320330 99 75 32-33 2.6 3.7 8.9 13 11 E U E E 
NHBB034:VP~3:G320330 X100 150 95 32-33 U U U U U 2600 U 2200 E 

--.J'lHBB034:VP.43:G320330 X1000 145 92 32-33 U U U U U U U U 37000 
NHBB034:VP·43:G370380 100 98 37-38 U 7.7 9 16 15 E U E E 
NHBB034:VP~3:G370380 X500 150 85 37·38 U U U U U 700D U 480D 500Q.£L 
NHBB034:VP~3:G420430 150 90 42·43 U 2.6 U 9.7 U 13 U 6.9 E 

..J'II::iI3,BO34:VP:43:G420430 X100 160 98 42·43 U U U U 
-

U U U U 1400 
NHBB034:VP·44:G120130 135 85 12-13 U U U U U U U U 07._ 
NHBB034:VP·44:G170180 135 B5 17-18 U U U U U U 

. 
U U 0.7 

NHBB034:VPA4:G220230 175 95 22-23 U U U U U 0.8 U U 3.4 
NHBB034:VP·44:G270280 130 98 27-28 U 2.1 B.9 10 U 62 U 6.5 34E 
NHBB034:VP-44:G270280 X10 - 180 100 27-28 U U U U U U U U 11QQ_•. . 

NHBB034:VP-44:G270280A 130 9B 27-28 U 2.1 8.9 10 U 6.7 U 6.8 36E 
~Q}4:VP.44:G2702801\ X10 - 175 95 27-28 U U U U U U U U 1000 

100 3.0 
-

9.2 
-

NHBB034:VP-44:G320330 185 32-33 3.8 25 19 E U E E 
NHBB034:VP·44:G320330 X500 175 95 32-33 U 

. 
U UU U 7000 U 550D 46000 

NHBB034:VP·44:G370380 150 97 37·38 U U U U U 1.4 U 1.4 16 
NHBB034:VP·44:G420430 180 90 42·43 U U U U U 2.3 U 1.8 '1_ 

~H.BB034:VP.44:G470480 180 90 47·48 U U U U U 1.0 U 0.6 2.8 
~_034:VP.44:G52053Q_. 180 90 52-53 U U U U U 0.7 U U 1.1 

NHBB034:Vp·44:G570580 140 85 57-58 U U U U U U U U 0.8 
80 U 

-
NHBB034:VP·44:G620630 125 62-63 U U U U U U U 0.7 
NHB034:VP·37:G110120 125 75 11-12 U U U U U 0.8 U 0.52 1.]_ 
NHB034:Vp·37:G160170 165 90 16-17 3.7 23 9.6 47 24 E U E E 
NHB034 :VP·37:G 160170 X1000 140 _~5 16-17 U U U .. U U 23000 U 16000 120000 
NHB034:VP·37:G21 0220 -----. 100 110 21-22 3.3 60 11 130 44 E U E E 
NHB034:VP·37:G210220 X1000 155 100 21-22 U U U U U 36000 U 27000 200000 

VP-:~il;ro 105 1 27 3.5 50 11 
-

40 E U E E75 95 
» »»)i)::::tiiS)i;;!()i::) IJiiJii 

U=Analyte not detected above sample quantitatjon limit.
 
E=Concentration of this analytes exceeds the calibration range of instrument.
 
J=Analyte detected but less than the lowest calibration standard.
 
D=The positive value is the result of an analysis at a dilution as noted.
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Mobile Laboratory Services
 
NHBB Site
 

Peterbourough, New Hampshire
 
(ppb) in
 

Groundwater
 

- -
Q) 

" Q) Q) 

..c: " Q)- Q) 

" Q)Q) Q) ..c: Q) 

"" 0 - " ..c: " Q) 

Q) ~ Q) 

" - " "..c: 0 0 ..c: Q) ..c: Q) Q) 
Q) - :2 ~ - e - " :S0 Q)

"C Q) 

" 
Q) Q) 

0 :2 0 0 0 ..c: Q).;: Ci ~ 0~ 

" 
~ :2 0 -.2 0 0 Q) ~ 

..c: :2 N Ci :2 " :2 0 0 

N. ~ " 
~ :2() " ~ " 0 q .;, 9 Ci :2 ">. ~ ~BFBin BFBin Depth in " .;, "': , 
"" ~ '" ~ ~ N. .;: -Sample 10 Comments % ECO % PIO Feet :> ~ 'u ~ ~ - ~ ~ ~ I

NHB034:Y.!::.37:G260270 X1000 130 98 +__ 26-27 U U U U U 
_. 

.. 3400D _LJ_ 2600D 20000D 
NHB034:VP-37:G31 0320 100 100 31-32 3.6 87 10 78 55 E U E E 

~~B034:VP-37G310320 X1000 150 100 31-32 U U U U U 3800D U 1800D 20000D 
110 

.. 
NHB034:VP-37:G360370 98 36-37 2.4 12 9.4 15 22 E U E E 
NHB034:VP-37:G360370 X1000 155 100 36-37 U 

_. 
UU U U 1000D U 560D 4000D 

NHB034:VP-37:G41 0420 85 98 41-42 U 8.2 9 14 13 E U E E 
NHB034:VP-37:G41 0420 X1000 160 98 41-42 U U U U U 950D U 630D ... 4Q~ 

NHB034:VP·37:G410420A 105 100 41-42 U SA 9 14 13 E U E E 
NHB034:VP·37:G410420A X1000 200 120 41-42 U U U U U 970D U 670D 4200D 
NHB034:VP-37:G460470 110 75 46-47 U 2.2 8.9 9.5 U 13 U 4 43E 
NHB034:VP-37:G460470 X10 125 B5 46-47 U U U U U 16D U 7.2D 95D 
NHB03.4:VP-37:G510520 105 75 51-52 U U U U U 0.83 U 0.5 .M-. -
NHB034:VP-37:G560570 -_. 100 85 56-57 U U U . U U 0.7 U 0.5 3.7 
NHB034:VP-37:G61 0620 99 75 61-62 U U U U U 0.7 U O.4J 1.2 
NHB034:VP-37:G660670 98 75 66-67 2.2 U· U U U 9.2 ....LJ .. 1.9 13 
NHB034:VP~37:G710720 125 80 71-72 U U U U U 1.4 U u ~~::tt= 
NHB034;VP-38:G100110 --_. 125 .. 85 10-11 U U U U... U 096 U U 4.4 .. 

..l'JI:lB034:VP.38:G100110A. 140 83 10-11 U U U U U 1.96 U U 3.9 
NHB034:VP-38:G150160 150 85 15-16 2.5 U U U U 1.8 U U 17 

155 90 20-21 U 
"..._.. 

U U U U 8 30ENHB034:VP-38:G200210 3.2 U ... 
NHB034:VP-38:G200210 X100 175 95 20-21 U U U U U U U U 120D 
NHB034:VP-38:G250260 100 105 25-26 U 24 9.3 20 19 E U E E 
NHB034:VP-38:G250260 X1000 175 98 25-26 U U U U U 1400D U 1000D 17000D 

I 
-

125 30-31 U 
_. 

9 13 13 E ENHB034:VP-38:G300310 95 5.6 E U-
36000~H§934:VP.38:G300310 X1000 185 100 30-31 U U U U U 880B U 660D 

~034:VP-38:G350360 155 100 35-36 U +_ 2.9 8.9 9.8 0.3J E U E E 
X1000 190 100 35-36 U U U U 700D U 500D 

..~~ 
NHB034:VP-38:G350360 U 1300D 

15 
•. 

E ENHB034:VP-38:G400410 110 100 40-41 U 6.9 9 3.B E U 
NHB034:VP-38:G400410 X1000 170 95 40-41 U U U U U 900D ...LJ.. 700D 4300D 
NHB034:Vp·38:G450460 155 9B 45-46 U U U 9.4 U 13 U 3.9 42E 
NHB034:VP·38:G450460 X100 185 102 45-46 U U U U U U U U 200D 

DD DiEi Diiii :iiiiiQGiiiiii ii0ii/;;2I5>i/ /-;;/iicZ15S (!(!i;:;;;;O;lli;iy(! IJi&Ji/?iiI!15i/Di 
U=Analyte not detected above sample quantitation limit.
 
E=Concentration of this analytes exceeds the calibration range of instrument
 
J=Analyte detected but less than the lowest calibration standard.
 
D=The positive value is the result of an analysis at a dilution as noted.
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Mobile Laboratory Services
 
NHBB Site
 

Peterbourough, New Hampshire
 
(ppb) in
 

Groundwater
 

" " " " .s::; " "- " " "" " .s::; " .. 
" 0 - " .s::; " " " - " .. - .. " .s::; .2 0 .s::; " .r: " " " - .s::; - - 0 - " .r: 

" " " 
0 " - " " -0 :;: a 0 a "';: is - .s::;- - :;: - a 

0 0 N " 0 0 " -:;: :;: is :;: " :;: a a 
() ~ 

';: 
" - :;:

" - " f.; a 
9 "' C? is :;: " BFBin BFBin Depth in >. " - - e

" "' N. "- .. - - ~ -Sample 10 9omment~ % ECD. % PID Feet :> - 'u ~- - - - ~.._. 
NHB034:VP-38:G500510 130 85 50·51 U U U U U 1.4 U 0.9 ~-
NHB034:VP·38:G545555 155 85 54.5-55.5 U U U U U 1.0 U 0.7 4.3 
NHB034:VP-39:G11 0120 140 89 11 ~12 3.5 U U 9.5 U 1.4 U 0.81 3.8 

~034:VP:39:G160170 90 75 16-17 2.2 U U 9.5 21 5.8 
-

U E4.3 
NHB034:VP-39:G160170 X10 140 85 16-17 U U U U U 180 U 100 580 
NHB034:VP·39:G210220 150 90 21-22 3.4 9.6 21 E 

.• 
23 37 U E E 

NHB034:VP-39:G210220 X1000 
_. 

130 100 21·22 U U UU U 15000 U 12000 88000 
NHB034:VP-39:G210220A 155 90 2f~22 3.4 - 25 9.7 42 24 E U E E 

~HB034:VP-39:G21 0220A X1000 145 10Q_~:?2 U U U U U 180QO U 14000 110000 
NHB034:VP-39:G260270 110 100 26-27 3.3 42E 11 100 40 E U E E 

f__t>J11f3()~4:VP-39:G260270 X1000 155 98 26-27 U U U U U 31000 U 21000 190000 
~934:VP-39:G310320 90 110 31-32 3.5 52E 12 135 50 E U E E 

NHB034:VP-39G310320 X1000 155 99 31-32 U U U U U 30000 U 22000 1900QQ.. 
~034:VP-39:G360370 125 105 36-37 3.7 56E 10 50 48 E U E E 
~034:VP-39:G360370 X1000 102 95 36-37 U U U U U 20000 U 8800 130000 

98 75 41-42 U 8.9 11 
-

r-.......f~_HB034 :VP_-39:G41 0420 3.8 11 58E U 20 86E 
~t1B034:VP-39:G410420 X100 105 75 4f~42 U u u u U 900 U 500 3Q.f!.Q.... 

NHB034:VP-39:G460470 80 80 46-47 U 2.7 U 9.6 U 28E U 6.8 56E------_....... 
X100 80 46-47 U U 

-
I-t>J.HB034:VP-39:G460470 - 115 U U U 750 U 450 1600 

NHB034:VP-39:G51 0520 155 98 51-52 U 3.1 8.9 10 21 34E U 12 56E 
NHB034:VP-39:G510520 X100 135 85 51-52 U U U U U 820 U 500 18015

56-57 u U U 
-

NHB034:VP-39:G560570 195 110 2.5 96 13 U 32 E 
NHB034:VP-39:G560570 X100 135 85 56-57 U U U U U U U U 1000..

NHB034:VP-39:G61 0620 200 150 61-62 2.3 4.2 U 9.7 U E U 5.4 E 
X100 150 85 61-62 U U U U U 720 I U 1000 

::/! ::!M::!M PCifX C":A:// :A: :::/:·:CJC/:::: ::::,AGlC'J::::, i4:::: :/if rY: ~I:if~ 

U=Analyte not detected above sample quantitation llmlt
 
E=Concentratlon of this analytes exceeds the calibration range of instrument.
 
J=Analyte detected but less than the lowest calibration standard.
 
D=The positive value is the result of an analysis at a dilution as noted,
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PSA Reference Number: 08128 

LIMITATIONS AND CONDITIONS 

1.	 The observations described in this report were made under the conditions stated. 
The conclusions presented in the report were based solely upon the services 
described and not on scientific tasks or procedures beyond the scope of 
described services or the time and budgetary constraints imposed by Client. The 
report has been prepared in accordance with generally accepted hydrogeological 
and hydrochemical practices. No other warranty, express or implied, is made. 

2.	 Negative findings for the presence of volatile organic compounds using soil 
atmosphere analysis are not positive or absolute proof that disposal or discharge 
of chemicals has not occurred in the past at the sampled locations or anywhere 
else on the site. Negative findings are not positive or absolute proof that 
migration, seepage or any other movement of chemicals is not occurring at the 
sampled locations or elsewhere on the site. 

3.	 Chemical conditions reported herein reflect conditions at the locations tested 
within the limitations of the methods used. Such conditions can vary rapidly from 
area to area. No warranty is expressed or implied that chemical conditions other 
than those reported do not exist within the site. 

4.	 At those locations where volatile organic compounds were reported, chemicals 
other than those reported may be present. Chemical analyses have been 
performed for specific parameters during this assessment. However, additional 
chemical constituents not searched for during the current study may be present 
in soil and/or groundwater at the site. 

5.	 Water level readings have been made in the wells at the times and under the 
conditions stated on the MicroWel1 logs. However, fluctuations in the level of 
groundwater may occur due to variation in rainfall and other factors different from 
those prevailing at the time measurements were made. 

6.	 This report has been prepared for HUll and Associates, Inc solely for use in an 
environmental evaluation of property at New Hampshire Ball Bearing, 
Peterborough, NH. 

Pine&Swaliow ENVIRONMENTAL 



  

 
  

 
 

APPENDIX B 

VP-17 Delineation of PCE ISO Concentration Maps 

HULL & ASSOCIATES, INC. SEPTEMBER 2009 

MASON, OHIO NHB034.200.0020 




VP43 

N 


VOC LEGEND: 

>100,000 ug/L 


10,000 - 100,000 ug/L 


1,000 - 10,000 ug/L 


100 - 1,000 ug/L 


10 - 100 ug/L 


1-10 ug/L 


NOTE: 
VOC IMPACTED ZONES IN VP43 
WERE DETECTED IN THE OFFSET 
LOCATION 

2006 

F S S B - #  + SOIL BORING INSTALLED APRIL 12—16 

SUB-SLAB VAPOR SAMPLING POINTS, PHASE ISSV# 
INSTALLED DECEMBER 11, 2006 

NOTE: 

-DRILLING LOCATIONS ARE CONCEPTUAL AND SUBJECT TO MODIFICATIONS TO 


ACCOMMODATE ANY UNDER OR ABOVE-GROUND OBSTRUCTIONS. 

-VP1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH FEBRUARY 6, 2007. 


NEW HAMPSHIRE BALL BEARINGS, INC 
-SSV/HSB/VP LOCATIONS WERE ADVANCED THROUGH COMMON FLOOR PENETRATION 
GROUNDWATER FOCUSED FEASIBILITY STUDY 


FOR LOCATION VP18 THROUGH VP21. 
FIGURE B-1 


DISTRIBUTION OF PCE CONCENTRATIONS FROM 

tes, inc. VERTICAL PROFILING INVESTIGATION 


ENGINEERS I GEOLOGISTS I SCIENTISTS I PLANNERS 

APPROXIMATE DEPTH OF WATER TABLE 

4770 DUKE DRIVE PHONE: (513) 459-9677 
 PETERBOROUGH, NEW HAMPSHIRE 
SUITE 300 FAX: (513) 459-9869 
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VP43 

N 


VOC LEGEND: 

>100,000 ug/L 


10,000 - 100,000 ug/L 


1,000 - 10,000 ug/L 


100 - 1,000 ug/L 


10 - 100 ug/L 


1-10 ug/L 


NOTE: 
VOC IMPACTED ZONES IN VP43 
WERE DETECTED IN THE OFFSET 
LOCATION 

VP# 
 + VERTICAL PROFILING MICROWELL PHASE 

VERTICAL PROFILING MICROWELL VP# 
 + INSTALLED APRIL 7-16, 2008 


PHASE II SOIL BORING 
HSB# 
 A INSTALLED DECEMBER 27-30, 2006 

FSSB--#+ SOIL BORING INSTALLED APRIL 12-16, 

SUB-SLAB VAPOR SAMPLING POINTS, PHASE ISSV# 
 + INSTALLED DECEMBER 11, 2006 

NOTE: 

-DRILLING LOCATIONS ARE CONCEPTUAL AND SUBJECT TO MODIFICATIONS TO 


ACCOMMODATE ANY UNDER OR ABOVE-GROUND OBSTRUCTIONS. 

-VP1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH FEBRUARY 6, 2007. 


NEW HAMPSHIRE BALL BEARINGS, INC 
-SSV/HSB/VP LOCATIONS WERE ADVANCED THROUGH COMMON FLOOR PENETRATION 
GROUNDWATER FOCUSED FEASIBILITY STUDY 


FOR LOCATION VP18 THROUGH VP21. 
FIGURE B-2 


DISTRIBUTION OF PCE CONCENTRATIONS FROM 

tes, inc. VERTICAL PROFILING INVESTIGATION 


ENGINEERS I GEOLOGISTS I SCIENTISTS I PLANNERS 

APPROXIMATE DEPTH 5ft BELOW WATER TABLE 

4770 DUKE DRIVE PHONE: (513) 459-9677 
 PETERBOROUGH, NEW HAMPSHIRE 
SUITE 300 FAX: (513) 459-9869 
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6" HDPE NPA 
FORCEMAIN 

N 


VOC LEGEND: 

>100,000 ug/L 


10,000 - 100,000 ug/L 


1,000 - 10,000 ug/L 


100 - 1,000 ug/L 


10 - 100 ug/L 


1-10 ug/L 


NOTE: 
VOC IMPACTED ZONES IN VP43 
WERE DETECTED IN THE OFFSET 
LOCATION 

NOTE: 
-DRILLING LOCATIONS ARE CONCEPTUAL AND SUBJECT TO MODIFICATIONS TO 

ACCOMMODATE ANY UNDER OR ABOVE-GROUND OBSTRUCTIONS. 
-VP1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH FEBRUARY 6, 2007. 

NEW HAMPSHIRE BALL BEARINGS, INC 
- S S V / H S B / V  P LOCATIONS WERE ADVANCED THROUGH COMMON FLOOR PENETRATION 
GROUNDWATER FOCUSED FEASIBILITY STUDY 


FOR LOCATION VP18 THROUGH VP21. 
FIGURE B-3 


DISTRIBUTION OF PCE CONCENTRATIONS FROM 

tes, inc. VERTICAL PROFILING INVESTIGATION 


ENGINEERS I GEOLOGISTS I SCIENTISTS I PLANNERS 

APPROXIMATE DEPTH 5-10ft BELOW WATER TABLE 

4770 DUKE DRIVE PHONE: (513) 459-9677 
 PETERBOROUGH, NEW HAMPSHIRE 
SUITE 300 FAX: (513) 459-9869 


THIS DRAWING WAS RE-DRAFTED FROM T.F. MORAN MASON, OHIO 45040 www.hullinc.com | PROJECT NO.: NHB034 SUBMITTAL DATE: AUGUST 2009 

"BOUNDARY PLAN OF LAND FOR NEW HAMPSHIRE E 
BEARINGS. INC.". DATED JANUARY 19. 1990. © 2 0 0 9 HULL & ASSOCIATES. INC. CAD DWG FILE: NHB034.200.0009 PLOT DATE: 8/25/09 

http:www.hullinc.com


N 


VOC LEGEND: 

>100,000 ug/L 


10,000 - 100,000 ug/L 


1,000 - 10,000 ug/L 


100 - 1,000 ug/L 


10 - 100 ug/L 


1-10 ug/L 


NOTE: 
VOC IMPACTED ZONES IN VP43 
WERE DETECTED IN THE OFFSET 
LOCATION 

2006 

F S S B - #  + SOIL BORING INSTALLED APRIL 12—16 

SUB-SLAB VAPOR SAMPLING POINTS, PHASE ISSV# 
INSTALLED DECEMBER 11, 2006 

NOTE: 

-DRILLING LOCATIONS ARE CONCEPTUAL AND SUBJECT TO MODIFICATIONS TO 


ACCOMMODATE ANY UNDER OR ABOVE-GROUND OBSTRUCTIONS. 

-VP1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH FEBRUARY 6, 2007. 


NEW HAMPSHIRE BALL BEARINGS, INC 
-SSV/HSB/VP LOCATIONS WERE ADVANCED THROUGH COMMON FLOOR PENETRATION 
GROUNDWATER FOCUSED FEASIBILITY STUDY 


FOR LOCATION VP18 THROUGH VP21. 
FIGURE B-4 


DISTRIBUTION OF PCE CONCENTRATIONS FROM 

tes, inc. VERTICAL PROFILING INVESTIGATION 


ENGINEERS I GEOLOGISTS I SCIENTISTS I PLANNERS 

APPROXIMATE DEPTH 10-15ft BELOW WATER TABLE 

4770 DUKE DRIVE PHONE: (513) 459-9677 
 PETERBOROUGH, NEW HAMPSHIRE 
SUITE 300 FAX: (513) 459-9869 
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N 


VOC LEGEND: 

>100,000 ug/L 


10,000 - 100,000 ug/L 


1,000 - 10,000 ug/L 


100 - 1,000 ug/L 


10 - 100 ug/L 


1-10 ug/L 


NOTE: 
VOC IMPACTED ZONES IN VP43 
WERE DETECTED IN THE OFFSET 
LOCATION 

2006 

F S S B - #  + SOIL BORING INSTALLED APRIL 12—16 

SUB-SLAB VAPOR SAMPLING POINTS, PHASE ISSV# 
INSTALLED DECEMBER 11, 2006 

NOTE: 

-DRILLING LOCATIONS ARE CONCEPTUAL AND SUBJECT TO MODIFICATIONS TO 


ACCOMMODATE ANY UNDER OR ABOVE-GROUND OBSTRUCTIONS. 

-VP1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH FEBRUARY 6, 2007. 


NEW HAMPSHIRE BALL BEARINGS, INC 
-SSV/HSB/VP LOCATIONS WERE ADVANCED THROUGH COMMON FLOOR PENETRATION 
GROUNDWATER FOCUSED FEASIBILITY STUDY 


FOR LOCATION VP18 THROUGH VP21. 
FIGURE B-5 


DISTRIBUTION OF PCE CONCENTRATIONS FROM 

tes, inc. VERTICAL PROFILING INVESTIGATION 


ENGINEERS I GEOLOGISTS I SCIENTISTS I PLANNERS 

APPROXIMATE DEPTH 15-20ft BELOW WATER TABLE 

4770 DUKE DRIVE PHONE: (513) 459-9677 
 PETERBOROUGH, NEW HAMPSHIRE 
SUITE 300 FAX: (513) 459-9869 
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N 


VOC LEGEND: 

>100,000 ug/L 


10,000 - 100,000 ug/L 


1,000 - 10,000 ug/L 


100 - 1,000 ug/L 


10 - 100 ug/L 


1-10 ug/L 


NOTE: 
VOC IMPACTED ZONES IN VP43 
WERE DETECTED IN THE OFFSET 
LOCATION 

2006 

F S S B - #  + SOIL BORING INSTALLED APRIL 12—16 

SUB-SLAB VAPOR SAMPLING POINTS, PHASE ISSV# 
INSTALLED DECEMBER 11, 2006 

NOTE: 

-DRILLING LOCATIONS ARE CONCEPTUAL AND SUBJECT TO MODIFICATIONS TO 


ACCOMMODATE ANY UNDER OR ABOVE-GROUND OBSTRUCTIONS. 

-VP1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH FEBRUARY 6, 2007. 


NEW HAMPSHIRE BALL BEARINGS, INC 
-SSV/HSB/VP LOCATIONS WERE ADVANCED THROUGH COMMON FLOOR PENETRATION 
GROUNDWATER FOCUSED FEASIBILITY STUDY 


FOR LOCATION VP18 THROUGH VP21. 
FIGURE B-6 


DISTRIBUTION OF PCE CONCENTRATIONS FROM 

tes, inc. VERTICAL PROFILING INVESTIGATION 


ENGINEERS I GEOLOGISTS I SCIENTISTS I PLANNERS 

APPROXIMATE DEPTH 20-25ft BELOW WATER TABLE 

4770 DUKE DRIVE PHONE: (513) 459-9677 
 PETERBOROUGH, NEW HAMPSHIRE 
SUITE 300 FAX: (513) 459-9869 
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N 


VOC LEGEND: 

>100,000 ug/L 


10,000 - 100,000 ug/L 


1,000 - 10,000 ug/L 


100 - 1,000 ug/L 


10 - 100 ug/L 


1-10 ug/L 


NOTE: 
VOC IMPACTED ZONES IN VP43 
WERE DETECTED IN THE OFFSET 
LOCATION 

2006 

F S S B - #  + SOIL BORING INSTALLED APRIL 12—16 

SUB-SLAB VAPOR SAMPLING POINTS, PHASE ISSV# 
INSTALLED DECEMBER 11, 2006 

NOTE: 

-DRILLING LOCATIONS ARE CONCEPTUAL AND SUBJECT TO MODIFICATIONS TO 


ACCOMMODATE ANY UNDER OR ABOVE-GROUND OBSTRUCTIONS. 

-VP1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH FEBRUARY 6, 2007. 


NEW HAMPSHIRE BALL BEARINGS, INC 
-SSV/HSB/VP LOCATIONS WERE ADVANCED THROUGH COMMON FLOOR PENETRATION 
GROUNDWATER FOCUSED FEASIBILITY STUDY 


FOR LOCATION VP18 THROUGH VP21. 
FIGURE B-7 


DISTRIBUTION OF PCE CONCENTRATIONS FROM 

tes, inc. VERTICAL PROFILING INVESTIGATION 


ENGINEERS I GEOLOGISTS I SCIENTISTS I PLANNERS 

APPROXIMATE DEPTH 25-30ft BELOW WATER TABLE 

4770 DUKE DRIVE PHONE: (513) 459-9677 
 PETERBOROUGH, NEW HAMPSHIRE 
SUITE 300 FAX: (513) 459-9869 
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N 


VOC LEGEND: 

>100,000 ug/L 


10,000 - 100,000 ug/L 


1,000 - 10,000 ug/L 


100 - 1,000 ug/L 


10 - 100 ug/L 


1-10 ug/L 


NOTE: 
VOC IMPACTED ZONES IN VP43 
WERE DETECTED IN THE OFFSET 
LOCATION 

2006 

F S S B - #  + SOIL BORING INSTALLED APRIL 12—16 

SUB-SLAB VAPOR SAMPLING POINTS, PHASE ISSV# 
INSTALLED DECEMBER 11, 2006 

NOTE: 

-DRILLING LOCATIONS ARE CONCEPTUAL AND SUBJECT TO MODIFICATIONS TO 


ACCOMMODATE ANY UNDER OR ABOVE-GROUND OBSTRUCTIONS. 

-VP1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH FEBRUARY 6, 2007. 


NEW HAMPSHIRE BALL BEARINGS, INC 
-SSV/HSB/VP LOCATIONS WERE ADVANCED THROUGH COMMON FLOOR PENETRATION 
GROUNDWATER FOCUSED FEASIBILITY STUDY 


FOR LOCATION VP18 THROUGH VP21. 
FIGURE B-8 


DISTRIBUTION OF PCE CONCENTRATIONS FROM 

tes, inc. VERTICAL PROFILING INVESTIGATION 


ENGINEERS I GEOLOGISTS I SCIENTISTS I PLANNERS 

APPROXIMATE DEPTH 30-35ft BELOW WATER TABLE 

4770 DUKE DRIVE PHONE: (513) 459-9677 
 PETERBOROUGH, NEW HAMPSHIRE 
SUITE 300 FAX: (513) 459-9869 
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VP44 
VP43 

N 


VOC LEGEND: 

>100,000 ug/L 


10,000 - 100,000 ug/L 


1,000 - 10,000 ug/L 


100 - 1,000 ug/L 


10 - 100 ug/L 


1-10 ug/L 


NOTE: 
VOC IMPACTED ZONES IN VP43 
WERE DETECTED IN THE OFFSET 
LOCATION 

2006 

F S S B - #  + SOIL BORING INSTALLED APRIL 12—16 

SUB-SLAB VAPOR SAMPLING POINTS, PHASE ISSV# 
INSTALLED DECEMBER 11, 2006 

NOTE: 

-DRILLING LOCATIONS ARE CONCEPTUAL AND SUBJECT TO MODIFICATIONS TO 


ACCOMMODATE ANY UNDER OR ABOVE-GROUND OBSTRUCTIONS. 

-VP1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH FEBRUARY 6, 2007. 


NEW HAMPSHIRE BALL BEARINGS, INC 
-SSV/HSB/VP LOCATIONS WERE ADVANCED THROUGH COMMON FLOOR PENETRATION 
GROUNDWATER FOCUSED FEASIBILITY STUDY 


FOR LOCATION VP18 THROUGH VP21. 
FIGURE B-9 


DISTRIBUTION OF PCE CONCENTRATIONS FROM 

tes, inc. VERTICAL PROFILING INVESTIGATION 


ENGINEERS I GEOLOGISTS I SCIENTISTS I PLANNERS 

APPROXIMATE DEPTH 35-40ft BELOW WATER TABLE 

4770 DUKE DRIVE PHONE: (513) 459-9677 
 PETERBOROUGH, NEW HAMPSHIRE 
SUITE 300 FAX: (513) 459-9869 
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VP44 
0 8 VP43 VP40  + 

VOC LEGEND: 

>100,000 ug/L 


10,000 - 100,000 ug/L 


1,000 - 10,000 ug/L 


100 - 1,000 ug/L 


10 - 100 ug/L 


1-10 ug/L 


NOTE: 
VOC IMPACTED ZONES IN VP43 
WERE DETECTED IN THE OFFSET 
LOCATION 

2006 

F S S B - #  + SOIL BORING INSTALLED APRIL 12—16 

SUB-SLAB VAPOR SAMPLING POINTS, PHASE ISSV# 
INSTALLED DECEMBER 11, 2006 

NOTE: 

-DRILLING LOCATIONS ARE CONCEPTUAL AND SUBJECT TO MODIFICATIONS TO 


ACCOMMODATE ANY UNDER OR ABOVE-GROUND OBSTRUCTIONS. 

-VP1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH FEBRUARY 6, 2007. 


NEW HAMPSHIRE BALL BEARINGS, INC 
-SSV/HSB/VP LOCATIONS WERE ADVANCED THROUGH COMMON FLOOR PENETRATION 
GROUNDWATER FOCUSED FEASIBILITY STUDY 


FOR LOCATION VP18 THROUGH VP21. 
FIGURE B-10 


DISTRIBUTION OF PCE CONCENTRATIONS FROM 

tes, inc. VERTICAL PROFILING INVESTIGATION 


ENGINEERS I GEOLOGISTS I SCIENTISTS I PLANNERS 

APPROXIMATE DEPTH 40-45ft BELOW WATER TABLE 

4770 DUKE DRIVE PHONE: (513) 459-9677 
 PETERBOROUGH, NEW HAMPSHIRE 
SUITE 300 FAX: (513) 459-9869 
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VP44 
VP43 

VOC LEGEND: 

>100,000 ug/L 


10,000 - 100,000 ug/L 


1,000 - 10,000 ug/L 


100 - 1,000 ug/L 


10 - 100 ug/L 


1-10 ug/L 


NOTE: 
VOC IMPACTED ZONES IN VP43 
WERE DETECTED IN THE OFFSET 
LOCATION 

2006 

F S S B - #  + SOIL BORING INSTALLED APRIL 12—16 

SUB-SLAB VAPOR SAMPLING POINTS, PHASE ISSV# 
INSTALLED DECEMBER 11, 2006 

NOTE: 

-DRILLING LOCATIONS ARE CONCEPTUAL AND SUBJECT TO MODIFICATIONS TO 


ACCOMMODATE ANY UNDER OR ABOVE-GROUND OBSTRUCTIONS. 

-VP1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH FEBRUARY 6, 2007. 


NEW HAMPSHIRE BALL BEARINGS, INC 
-SSV/HSB/VP LOCATIONS WERE ADVANCED THROUGH COMMON FLOOR PENETRATION 
GROUNDWATER FOCUSED FEASIBILITY STUDY 


FOR LOCATION VP18 THROUGH VP21. 
FIGURE B-11 


DISTRIBUTION OF PCE CONCENTRATIONS FROM 

tes, inc. VERTICAL PROFILING INVESTIGATION 


ENGINEERS I GEOLOGISTS I SCIENTISTS I PLANNERS 

APPROXIMATE DEPTH 45-50ft BELOW WATER TABLE 

4770 DUKE DRIVE PHONE: (513) 459-9677 
 PETERBOROUGH, NEW HAMPSHIRE 
SUITE 300 FAX: (513) 459-9869 
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VP44 0.9 
VP43 VP40 

N 


VOC LEGEND: 

>100,000 ug/L 


10,000 - 100,000 ug/L 


1,000 - 10,000 ug/L 


100 - 1,000 ug/L 


10 - 100 ug/L 


1-10 ug/L 


NOTE: 
VOC IMPACTED ZONES IN VP43 
WERE DETECTED IN THE OFFSET 
LOCATION 

2006 

F S S B - #  + SOIL BORING INSTALLED APRIL 12—16 

SUB-SLAB VAPOR SAMPLING POINTS, PHASE ISSV# 
INSTALLED DECEMBER 11, 2006 

NOTE: 

-DRILLING LOCATIONS ARE CONCEPTUAL AND SUBJECT TO MODIFICATIONS TO 


ACCOMMODATE ANY UNDER OR ABOVE-GROUND OBSTRUCTIONS. 

-VP1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH FEBRUARY 6, 2007. 


NEW HAMPSHIRE BALL BEARINGS, INC 
-SSV/HSB/VP LOCATIONS WERE ADVANCED THROUGH COMMON FLOOR PENETRATION 
GROUNDWATER FOCUSED FEASIBILITY STUDY 


FOR LOCATION VP18 THROUGH VP21. 
FIGURE B-12 


DISTRIBUTION OF PCE CONCENTRATIONS FROM 

tes, inc. VERTICAL PROFILING INVESTIGATION 


ENGINEERS I GEOLOGISTS I SCIENTISTS I PLANNERS 

APPROXIMATE DEPTH 50-55ft BELOW WATER TABLE 

4770 DUKE DRIVE PHONE: (513) 459-9677 
 PETERBOROUGH, NEW HAMPSHIRE 
SUITE 300 FAX: (513) 459-9869 


THIS DRAWING WAS RE-DRAFTED FROM T.F. MORAN MASON, OHIO 45040 www.hullinc.com | PROJECT NO.: NHB034 SUBMITTAL DATE: AUGUST 2009 

"BOUNDARY PLAN OF LAND FOR NEW HAMPSHIRE E 
BEARINGS. INC.". DATED JANUARY 19. 1990. © 2 0 0 9 HULL & ASSOCIATES. INC. CAD DWG FILE: NHB034.200.0009 PLOT DATE: 8/25/09 

http:www.hullinc.com


VP43 

VOC LEGEND: 

>100,000 ug/L 


10,000 - 100,000 ug/L 


1,000 - 10,000 ug/L 


100 - 1,000 ug/L 


10 - 100 ug/L 


1-10 ug/L 


NOTE: 
VOC IMPACTED ZONES IN VP43 
WERE DETECTED IN THE OFFSET 
LOCATION 

NOTE: 
-DRILLING LOCATIONS ARE CONCEPTUAL AND SUBJECT TO MODIFICATIONS TO 

ACCOMMODATE ANY UNDER OR ABOVE-GROUND OBSTRUCTIONS. 
-VP1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH FEBRUARY 6, 2007. 

NEW HAMPSHIRE BALL BEARINGS, INC 
-SSV/HSB/VP LOCATIONS WERE ADVANCED THROUGH COMMON FLOOR PENETRATION 
GROUNDWATER FOCUSED FEASIBILITY STUDY 


FOR LOCATION VP18 THROUGH VP21. 
FIGURE B-13 


DISTRIBUTION OF PCE CONCENTRATIONS FROM 

tes, inc. VERTICAL PROFILING INVESTIGATION 


ENGINEERS I GEOLOGISTS I SCIENTISTS I PLANNERS 

APPROXIMATE DEPTH 55-60ft BELOW WATER TABLE 

4770 DUKE DRIVE PHONE: (513) 459-9677 
 PETERBOROUGH, NEW HAMPSHIRE 
SUITE 300 FAX: (513) 459-9869 
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APPENDIX C 

VP-17 Delineation TCE Isoconcentration Maps 

HULL & ASSOCIATES, INC. SEPTEMBER 2009 

MASON, OHIO NHB034.200.0020 




VP44 
VP43 

VOC LEGEND: 

>100,000 ug/L 


10,000 - 100,000 ug/L 


1,000 - 10,000 ug/L 


100 - 1,000 ug/L 


10 - 100 ug/L 


1-10 ug/L 


NOTE: 
VOC IMPACTED ZONES IN VP43 
WERE DETECTED IN THE OFFSET 
LOCATION 

2006 

F S S B - #  + SOIL BORING INSTALLED APRIL 12—16 

SUB-SLAB VAPOR SAMPLING POINTS, PHASE ISSV# 
INSTALLED DECEMBER 11, 2006 

NOTE: 

-DRILLING LOCATIONS ARE CONCEPTUAL AND SUBJECT TO MODIFICATIONS TO 


ACCOMMODATE ANY UNDER OR ABOVE-GROUND OBSTRUCTIONS. 

-VP1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH FEBRUARY 6, 2007. 


NEW HAMPSHIRE BALL BEARINGS, INC 
-SSV/HSB/VP LOCATIONS WERE ADVANCED THROUGH COMMON FLOOR PENETRATION 
GROUNDWATER FOCUSED FEASIBILITY STUDY 


FOR LOCATION VP18 THROUGH VP21. 
FIGURE C-1 


DISTRIBUTION OF TCE CONCENTRATIONS FROM 

tes, inc. VERTICAL PROFILING INVESTIGATION 


ENGINEERS I GEOLOGISTS I SCIENTISTS I PLANNERS 

APPROXIMATE DEPTH OF WATER TABLE 

4770 DUKE DRIVE PHONE: (513) 459-9677 
 PETERBOROUGH, NEW HAMPSHIRE 
SUITE 300 FAX: (513) 459-9869 
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6" HDPE NPA 
FORCEMAIN 

VOC LEGEND: 

>100,000 ug/L 


10,000 - 100,000 ug/L 


1,000 - 10,000 ug/L 


100 - 1,000 ug/L 


10 - 100 ug/L 


1-10 ug/L 


NOTE: 
VOC IMPACTED ZONES IN VP43 
WERE DETECTED IN THE OFFSET 
LOCATION 

NOTE: 
-DRILLING LOCATIONS ARE CONCEPTUAL AND SUBJECT TO MODIFICATIONS TO 

ACCOMMODATE ANY UNDER OR ABOVE-GROUND OBSTRUCTIONS. 
-VP1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH FEBRUARY 6, 2007. 

NEW HAMPSHIRE BALL BEARINGS, INC 
- S S V / H S B / V  P LOCATIONS WERE ADVANCED THROUGH COMMON FLOOR PENETRATION 
GROUNDWATER FOCUSED FEASIBILITY STUDY 


FOR LOCATION VP18 THROUGH VP21. 
FIGURE C-2 


DISTRIBUTION OF TCE CONCENTRATIONS FROM 

tes, inc. VERTICAL PROFILING INVESTIGATION 


ENGINEERS I GEOLOGISTS I SCIENTISTS I PLANNERS 

APPROXIMATE DEPTH 5ft BELOW WATER TABLE 

4770 DUKE DRIVE PHONE: (513) 459-9677 
 PETERBOROUGH, NEW HAMPSHIRE 
SUITE 300 FAX: (513) 459-9869 
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VP44 
N D VP43 VP40  + 

N 


VOC LEGEND: 

>100,000 ug/L 


10,000 - 100,000 ug/L 


1,000 - 10,000 ug/L 


100 - 1,000 ug/L 


10 - 100 ug/L 


1-10 ug/L 


NOTE: 
VOC IMPACTED ZONES IN VP43 
WERE DETECTED IN THE OFFSET 
LOCATION 

2006 

F S S B - #  + SOIL BORING INSTALLED APRIL 12—16 

SUB-SLAB VAPOR SAMPLING POINTS, PHASE ISSV# 
INSTALLED DECEMBER 11, 2006 

NOTE: 

-DRILLING LOCATIONS ARE CONCEPTUAL AND SUBJECT TO MODIFICATIONS TO 


ACCOMMODATE ANY UNDER OR ABOVE-GROUND OBSTRUCTIONS. 

-VP1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH FEBRUARY 6, 2007. 


NEW HAMPSHIRE BALL BEARINGS, INC 
-SSV/HSB/VP LOCATIONS WERE ADVANCED THROUGH COMMON FLOOR PENETRATION 
GROUNDWATER FOCUSED FEASIBILITY STUDY 


FOR LOCATION VP18 THROUGH VP21. 
FIGURE C-3 


DISTRIBUTION OF TCE CONCENTRATIONS FROM 

tes, inc. VERTICAL PROFILING INVESTIGATION 


ENGINEERS I GEOLOGISTS I SCIENTISTS I PLANNERS 

APPROXIMATE DEPTH 5-10ft BELOW WATER TABLE 

4770 DUKE DRIVE PHONE: (513) 459-9677 
 PETERBOROUGH, NEW HAMPSHIRE 
SUITE 300 FAX: (513) 459-9869 
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VP43 

N 


VOC LEGEND: 

>100,000 ug/L 


10,000 - 100,000 ug/L 


1,000 - 10,000 ug/L 


100 - 1,000 ug/L 


10 - 100 ug/L 


1-10 ug/L 


NOTE: 
VOC IMPACTED ZONES IN VP43 
WERE DETECTED IN THE OFFSET 
LOCATION 

NOTE: 
-DRILLING LOCATIONS ARE CONCEPTUAL AND SUBJECT TO MODIFICATIONS TO 

ACCOMMODATE ANY UNDER OR ABOVE-GROUND OBSTRUCTIONS. 
-VP1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH FEBRUARY 6, 2007. 

NEW HAMPSHIRE BALL BEARINGS, INC 
-SSV/HSB/VP LOCATIONS WERE ADVANCED THROUGH COMMON FLOOR PENETRATION 
GROUNDWATER FOCUSED FEASIBILITY STUDY 


FOR LOCATION VP18 THROUGH VP21. FIGURE C-4 

DISTRIBUTION OF TCE CONCENTRATIONS FROM 


tes, inc. VERTICAL PROFILING INVESTIGATION 

ENGINEERS I GEOLOGISTS I SCIENTISTS I PLANNERS 

APPROXIMATE DEPTH 10-15ft BELOW WATER TABLE 

4770 DUKE DRIVE PHONE: (513) 459-9677 
 PETERBOROUGH, NEW HAMPSHIRE 
SUITE 300 FAX: (513) 459-9869 
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6" HDPE NPA 
FORCEMAIN 

VOC LEGEND: 

>100,000 ug/L 


10,000 - 100,000 ug/L 


1,000 - 10,000 ug/L 


100 - 1,000 ug/L 


10 - 100 ug/L 


1-10 ug/L 


NOTE: 
VOC IMPACTED ZONES IN VP43 
WERE DETECTED IN THE OFFSET 
LOCATION 

2006 

F S S B - # + SOIL BORING INSTALLED APRIL 12-16 

SUB-SLAB VAPOR SAMPLING POINTS, PHASE ISSV# 
INSTALLED DECEMBER 11, 2006 

NOTE: 

-DRILLING LOCATIONS ARE CONCEPTUAL AND SUBJECT TO MODIFICATIONS TO 


ACCOMMODATE ANY UNDER OR ABOVE-GROUND OBSTRUCTIONS. 

-VP1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH FEBRUARY 6, 2007. 


NEW HAMPSHIRE BALL BEARINGS, INC 
-SSV/HSB/VP LOCATIONS WERE ADVANCED THROUGH COMMON FLOOR PENETRATION 
GROUNDWATER FOCUSED FEASIBILITY STUDY 


FOR LOCATION VP18 THROUGH VP21. 
FIGURE C-5 


DISTRIBUTION OF TCE CONCENTRATIONS FROM 

tes, inc. VERTICAL PROFILING INVESTIGATION 


ENGINEERS I GEOLOGISTS I SCIENTISTS I PLANNERS 

APPROXIMATE DEPTH 15-20ft BELOW WATER TABLE 

4770 DUKE DRIVE PHONE: (513) 459-9677 
 PETERBOROUGH, NEW HAMPSHIRE 
SUITE 300 FAX: (513) 459-9869 
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VP44 
VP43 

VOC LEGEND: 

>100,000 ug/L 


10,000 - 100,000 ug/L 


1,000 - 10,000 ug/L 


100 - 1,000 ug/L 


10 - 100 ug/L 


1-10 ug/L 


NOTE: 
VOC IMPACTED ZONES IN VP43 
WERE DETECTED IN THE OFFSET 
LOCATION 

2006 

F S S B - #  + SOIL BORING INSTALLED APRIL 12—16 

SUB-SLAB VAPOR SAMPLING POINTS, PHASE ISSV# 
INSTALLED DECEMBER 11, 2006 

NOTE: 

-DRILLING LOCATIONS ARE CONCEPTUAL AND SUBJECT TO MODIFICATIONS TO 


ACCOMMODATE ANY UNDER OR ABOVE-GROUND OBSTRUCTIONS. 

-VP1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH FEBRUARY 6, 2007. 


NEW HAMPSHIRE BALL BEARINGS, INC 
-SSV/HSB/VP LOCATIONS WERE ADVANCED THROUGH COMMON FLOOR PENETRATION 
GROUNDWATER FOCUSED FEASIBILITY STUDY 


FOR LOCATION VP18 THROUGH VP21. 
FIGURE C-6 


DISTRIBUTION OF TCE CONCENTRATIONS FROM 

tes, inc. VERTICAL PROFILING INVESTIGATION 


ENGINEERS I GEOLOGISTS I SCIENTISTS I PLANNERS 

APPROXIMATE DEPTH 20-25ft BELOW WATER TABLE 

4770 DUKE DRIVE PHONE: (513) 459-9677 
 PETERBOROUGH, NEW HAMPSHIRE 
SUITE 300 FAX: (513) 459-9869 
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VP44 

N 


VOC LEGEND: 

>100,000 ug/L 


10,000 - 100,000 ug/L 


1,000 - 10,000 ug/L 


100 - 1,000 ug/L 


10 - 100 ug/L 


1-10 ug/L 


NOTE: 
VOC IMPACTED ZONES IN VP43 
WERE DETECTED IN THE OFFSET 
LOCATION 

2006 

F S S B - #  + SOIL BORING INSTALLED APRIL 12—16 

SUB-SLAB VAPOR SAMPLING POINTS, PHASE ISSV# 
INSTALLED DECEMBER 11, 2006 

NOTE: 

-DRILLING LOCATIONS ARE CONCEPTUAL AND SUBJECT TO MODIFICATIONS TO 


ACCOMMODATE ANY UNDER OR ABOVE-GROUND OBSTRUCTIONS. 

-VP1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH FEBRUARY 6, 2007. 


NEW HAMPSHIRE BALL BEARINGS, INC 
-SSV/HSB/VP LOCATIONS WERE ADVANCED THROUGH COMMON FLOOR PENETRATION 
GROUNDWATER FOCUSED FEASIBILITY STUDY 


FOR LOCATION VP18 THROUGH VP21. 
FIGURE C-7 


DISTRIBUTION OF TCE CONCENTRATIONS FROM 

tes, inc. VERTICAL PROFILING INVESTIGATION 


ENGINEERS I GEOLOGISTS I SCIENTISTS I PLANNERS 

APPROXIMATE DEPTH 25-30ft BELOW WATER TABLE 

4770 DUKE DRIVE PHONE: (513) 459-9677 
 PETERBOROUGH, NEW HAMPSHIRE 
SUITE 300 FAX: (513) 459-9869 
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VP44 
VP43 

N 


VOC LEGEND: 

>100,000 ug/L 


10,000 - 100,000 ug/L 


1,000 - 10,000 ug/L 


100 - 1,000 ug/L 


10 - 100 ug/L 


1-10 ug/L 


NOTE: 
VOC IMPACTED ZONES IN VP43 
WERE DETECTED IN THE OFFSET 
LOCATION 

2006 

F S S B - #  + SOIL BORING INSTALLED APRIL 12—16 

SUB-SLAB VAPOR SAMPLING POINTS, PHASE ISSV# 
INSTALLED DECEMBER 11, 2006 

NOTE: 

-DRILLING LOCATIONS ARE CONCEPTUAL AND SUBJECT TO MODIFICATIONS TO 


ACCOMMODATE ANY UNDER OR ABOVE-GROUND OBSTRUCTIONS. 

-VP1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH FEBRUARY 6, 2007. 


NEW HAMPSHIRE BALL BEARINGS, INC 
-SSV/HSB/VP LOCATIONS WERE ADVANCED THROUGH COMMON FLOOR PENETRATION 
GROUNDWATER FOCUSED FEASIBILITY STUDY 


FOR LOCATION VP18 THROUGH VP21. 
FIGURE C-8 


DISTRIBUTION OF TCE CONCENTRATIONS FROM 

tes, inc. VERTICAL PROFILING INVESTIGATION 


ENGINEERS I GEOLOGISTS I SCIENTISTS I PLANNERS 

APPROXIMATE DEPTH 30-35ft BELOW WATER TABLE 

4770 DUKE DRIVE PHONE: (513) 459-9677 
 PETERBOROUGH, NEW HAMPSHIRE 
SUITE 300 FAX: (513) 459-9869 
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VP43 

N 


VOC LEGEND: 

>100,000 ug/L 


10,000 - 100,000 ug/L 


1,000 - 10,000 ug/L 


100 - 1,000 ug/L 


10 - 100 ug/L 


1-10 ug/L 


NOTE: 
VOC IMPACTED ZONES IN VP43 
WERE DETECTED IN THE OFFSET 
LOCATION 

2006 

F S S B - #  + SOIL BORING INSTALLED APRIL 12—16 

SUB-SLAB VAPOR SAMPLING POINTS, PHASE ISSV# 
INSTALLED DECEMBER 11, 2006 

NOTE: 

-DRILLING LOCATIONS ARE CONCEPTUAL AND SUBJECT TO MODIFICATIONS TO 


ACCOMMODATE ANY UNDER OR ABOVE-GROUND OBSTRUCTIONS. 

-VP1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH FEBRUARY 6, 2007. 


NEW HAMPSHIRE BALL BEARINGS, INC 
-SSV/HSB/VP LOCATIONS WERE ADVANCED THROUGH COMMON FLOOR PENETRATION 
GROUNDWATER FOCUSED FEASIBILITY STUDY 


FOR LOCATION VP18 THROUGH VP21. 
FIGURE C-9 


DISTRIBUTION OF TCE CONCENTRATIONS FROM 

tes, inc. VERTICAL PROFILING INVESTIGATION 


ENGINEERS I GEOLOGISTS I SCIENTISTS I PLANNERS 

APPROXIMATE DEPTH 35-40ft BELOW WATER TABLE 

4770 DUKE DRIVE PHONE: (513) 459-9677 
 PETERBOROUGH, NEW HAMPSHIRE 
SUITE 300 FAX: (513) 459-9869 
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VP43 

N 


VOC LEGEND: 

>100,000 ug/L 


10,000 - 100,000 ug/L 


1,000 - 10,000 ug/L 


100 - 1,000 ug/L 


10 - 100 ug/L 


1-10 ug/L 


NOTE: 
VOC IMPACTED ZONES IN VP43 
WERE DETECTED IN THE OFFSET 
LOCATION 

NOTE: 
-DRILLING LOCATIONS ARE CONCEPTUAL AND SUBJECT TO MODIFICATIONS TO 

ACCOMMODATE ANY UNDER OR ABOVE-GROUND OBSTRUCTIONS. 
-VP1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH FEBRUARY 6, 2007. 

NEW HAMPSHIRE BALL BEARINGS, INC 
-SSV/HSB/VP LOCATIONS WERE ADVANCED THROUGH COMMON FLOOR PENETRATION 
GROUNDWATER FOCUSED FEASIBILITY STUDY 


FOR LOCATION VP18 THROUGH VP21. FIGURE C-10 

DISTRIBUTION OF TCE CONCENTRATIONS FROM 


tes, inc. VERTICAL PROFILING INVESTIGATION 

ENGINEERS I GEOLOGISTS I SCIENTISTS I PLANNERS 

APPROXIMATE DEPTH 40-45ft BELOW WATER TABLE 

4770 DUKE DRIVE PHONE: (513) 459-9677 
 PETERBOROUGH, NEW HAMPSHIRE 
SUITE 300 FAX: (513) 459-9869 
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VP44 
VP43 

N 


VOC LEGEND: 

>100,000 ug/L 


10,000 - 100,000 ug/L 


1,000 - 10,000 ug/L 


100 - 1,000 ug/L 


10 - 100 ug/L 


1-10 ug/L 


NOTE: 
VOC IMPACTED ZONES IN VP43 
WERE DETECTED IN THE OFFSET 
LOCATION 

NOTE: 
-DRILLING LOCATIONS ARE CONCEPTUAL AND SUBJECT TO MODIFICATIONS TO 

ACCOMMODATE ANY UNDER OR ABOVE-GROUND OBSTRUCTIONS. 
-VP1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH FEBRUARY 6, 2007. 

NEW HAMPSHIRE BALL BEARINGS, INC 
-SSV/HSB/VP LOCATIONS WERE ADVANCED THROUGH COMMON FLOOR PENETRATION 
GROUNDWATER FOCUSED FEASIBILITY STUDY 


FOR LOCATION VP18 THROUGH VP21. FIGURE C-11 

DISTRIBUTION OF TCE CONCENTRATIONS FROM 


tes, inc. VERTICAL PROFILING INVESTIGATION 

ENGINEERS I GEOLOGISTS I SCIENTISTS I PLANNERS 

APPROXIMATE DEPTH 45-50ft BELOW WATER TABLE 

4770 DUKE DRIVE PHONE: (513) 459-9677 
 PETERBOROUGH, NEW HAMPSHIRE 
SUITE 300 FAX: (513) 459-9869 
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VP44 
VP43 

N 


VOC LEGEND: 

>100,000 ug/L 


10,000 - 100,000 ug/L 


1,000 - 10,000 ug/L 


100 - 1,000 ug/L 


10 - 100 ug/L 


1-10 ug/L 


NOTE: 
VOC IMPACTED ZONES IN VP43 
WERE DETECTED IN THE OFFSET 
LOCATION 

2006 

F S S B - #  + SOIL BORING INSTALLED APRIL 12—16 

SUB-SLAB VAPOR SAMPLING POINTS, PHASE ISSV# 
INSTALLED DECEMBER 11, 2006 

NOTE: 

-DRILLING LOCATIONS ARE CONCEPTUAL AND SUBJECT TO MODIFICATIONS TO 


ACCOMMODATE ANY UNDER OR ABOVE-GROUND OBSTRUCTIONS. 

-VP1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH FEBRUARY 6, 2007. 


NEW HAMPSHIRE BALL BEARINGS, INC 
-SSV/HSB/VP LOCATIONS WERE ADVANCED THROUGH COMMON FLOOR PENETRATION 
GROUNDWATER FOCUSED FEASIBILITY STUDY 


FOR LOCATION VP18 THROUGH VP21. 
FIGURE C-12 


DISTRIBUTION OF TCE CONCENTRATIONS FROM 

tes, inc. VERTICAL PROFILING INVESTIGATION 


ENGINEERS I GEOLOGISTS I SCIENTISTS I PLANNERS 

APPROXIMATE DEPTH 50-55ft BELOW WATER TABLE 

4770 DUKE DRIVE PHONE: (513) 459-9677 
 PETERBOROUGH, NEW HAMPSHIRE 
SUITE 300 FAX: (513) 459-9869 
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VP43 

N 


VOC LEGEND: 

>100,000 ug/L 


10,000 - 100,000 ug/L 


1,000 - 10,000 ug/L 


100 - 1,000 ug/L 


10 - 100 ug/L 


1-10 ug/L 


NOTE: 
VOC IMPACTED ZONES IN VP43 
WERE DETECTED IN THE OFFSET 
LOCATION 

2006 

F S S B - #  + SOIL BORING INSTALLED APRIL 12—16 

SUB-SLAB VAPOR SAMPLING POINTS, PHASE ISSV# 
INSTALLED DECEMBER 11, 2006 

NOTE: 

-DRILLING LOCATIONS ARE CONCEPTUAL AND SUBJECT TO MODIFICATIONS TO 


ACCOMMODATE ANY UNDER OR ABOVE-GROUND OBSTRUCTIONS. 

-VP1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH FEBRUARY 6, 2007. 


NEW HAMPSHIRE BALL BEARINGS, INC 
-SSV/HSB/VP LOCATIONS WERE ADVANCED THROUGH COMMON FLOOR PENETRATION 
GROUNDWATER FOCUSED FEASIBILITY STUDY 


FOR LOCATION VP18 THROUGH VP21. 
FIGURE C-13 


DISTRIBUTION OF TCE CONCENTRATIONS FROM 

tes, inc. VERTICAL PROFILING INVESTIGATION 


ENGINEERS I GEOLOGISTS I SCIENTISTS I PLANNERS 

APPROXIMATE DEPTH 55-60ft BELOW WATER TABLE 

4770 DUKE DRIVE PHONE: (513) 459-9677 
 PETERBOROUGH, NEW HAMPSHIRE 
SUITE 300 FAX: (513) 459-9869 
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APPENDIX D 

VP-17 Delineation 1,1,1–TCA Isoconcentration Maps 

HULL & ASSOCIATES, INC. SEPTEMBER 2009 

MASON, OHIO NHB034.200.0020 




VP44 
VP43 

VOC LEGEND: 

>100,000 ug/L 


10,000 - 100,000 ug/L 


1,000 - 10,000 ug/L 


100 - 1,000 ug/L 


10 - 100 ug/L 


1-10 ug/L 


NOTE: 
VOC IMPACTED ZONES IN VP43 
WERE DETECTED IN THE OFFSET 
LOCATION 

2006 

F S S B - #  + SOIL BORING INSTALLED APRIL 12—16 

SUB-SLAB VAPOR SAMPLING POINTS, PHASE ISSV# 
INSTALLED DECEMBER 11, 2006 

NOTE: 

-DRILLING LOCATIONS ARE CONCEPTUAL AND SUBJECT TO MODIFICATIONS TO 


ACCOMMODATE ANY UNDER OR ABOVE-GROUND OBSTRUCTIONS. 

-VP1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH FEBRUARY 6, 2007. 

-SSV/HSB/VP LOCATIONS WERE ADVANCED THROUGH COMMON FLOOR PENETRATION 


FOR LOCATION VP18 THROUGH VP21. 

tes, inc. 
ENGINEERS I GEOLOGISTS I SCIENTISTS I PLANNERS 

4770 DUKE DRIVE PHONE: (513) 459-9677 

SUITE 300 FAX: (513) 459-9869 


THIS DRAWING WAS RE-DRAFTED FROM T.F. MORAN 
"BOUNDARY PLAN OF LAND FOR NEW HAMPSHIRE E MASON, OHIO 45040 www.hullinc.com 

BEARINGS. INC.". DATED JANUARY 19. 1990. © 2 0 0 9 HULL & ASSOCIATES. INC. 

NEW HAMPSHIRE BALL BEARINGS, INC 

GROUNDWATER FOCUSED FEASIBILITY STUDY 


FIGURE D-1 

DISTRIBUTION OF 1,1,1-TCA CONCENTRATIONS 

FROM VERTICAL PROFILING INVESTIGATION 


APPROXIMATE DEPTH OF WATER TABLE 

PETERBOROUGH, NEW HAMPSHIRE 


| PROJECT NO.: NHB034 | SUBMITTAL DATE: AUGUST 2009 


CAD DWG FILE: NHB034.200.0011 I PLOT DATE: 8/25/09 
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VP40 4- ND 

VOC LEGEND: 

>100,000 ug/L 
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NOTE: 
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WERE DETECTED IN THE OFFSET 
LOCATION 

2006 

F S S B - #  + SOIL BORING INSTALLED APRIL 12—16 

SUB-SLAB VAPOR SAMPLING POINTS, PHASE ISSV# 
INSTALLED DECEMBER 11, 2006 

NOTE: 
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FIGURE D-2 

DISTRIBUTION OF 1,1,1-TCA CONCENTRATIONS 

FROM VERTICAL PROFILING INVESTIGATION 
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NOTE: 
VOC IMPACTED ZONES IN VP43 
WERE DETECTED IN THE OFFSET 
LOCATION 
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FIGURE D-3 

DISTRIBUTION OF 1,1,1-TCA CONCENTRATIONS 

FROM VERTICAL PROFILING INVESTIGATION 
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NOTE: 
VOC IMPACTED ZONES IN VP43 
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FIGURE D-4 

DISTRIBUTION OF 1,1,1-TCA CONCENTRATIONS 

FROM VERTICAL PROFILING INVESTIGATION 
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6" HDPE NPA 
FORCEMAIN 

VOC LEGEND: 

>100,000 ug/L 


10,000 - 100,000 ug/L 


1,000 - 10,000 ug/L 


100 - 1,000 ug/L 
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1-10 ug/L 


NOTE: 
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WERE DETECTED IN THE OFFSET 
LOCATION 
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-VP1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH FEBRUARY 6, 2007. 
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FOR LOCATION VP18 THROUGH VP21. 
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FIGURE D-5 

DISTRIBUTION OF 1,1,1-TCA CONCENTRATIONS 

FROM VERTICAL PROFILING INVESTIGATION 


APPROXIMATE DEPTH 15-20ft BELOW WATER TABLE 
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VOC LEGEND: 

>100,000 ug/L 


10,000 - 100,000 ug/L 


1,000 - 10,000 ug/L 


100 - 1,000 ug/L 


10 - 100 ug/L 


1-10 ug/L 


NOTE: 
VOC IMPACTED ZONES IN VP43 
WERE DETECTED IN THE OFFSET 
LOCATION 
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SUB-SLAB VAPOR SAMPLING POINTS, PHASE ISSV# 
INSTALLED DECEMBER 11, 2006 

NOTE: 

-DRILLING LOCATIONS ARE CONCEPTUAL AND SUBJECT TO MODIFICATIONS TO 


ACCOMMODATE ANY UNDER OR ABOVE-GROUND OBSTRUCTIONS. 

-VP1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH FEBRUARY 6, 2007. 
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FOR LOCATION VP18 THROUGH VP21. 
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FIGURE D-6 

DISTRIBUTION OF 1,1,1-TCA CONCENTRATIONS 

FROM VERTICAL PROFILING INVESTIGATION 


APPROXIMATE DEPTH 20-25ft BELOW WATER TABLE 
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SUB-SLAB VAPOR SAMPLING POINTS, PHASE ISSV# 
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NOTE: 

-DRILLING LOCATIONS ARE CONCEPTUAL AND SUBJECT TO MODIFICATIONS TO 


ACCOMMODATE ANY UNDER OR ABOVE-GROUND OBSTRUCTIONS. 

-VP1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH FEBRUARY 6, 2007. 

-SSV/HSB/VP LOCATIONS WERE ADVANCED THROUGH COMMON FLOOR PENETRATION 


FOR LOCATION VP18 THROUGH VP21. 
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FIGURE D-7 

DISTRIBUTION OF 1,1,1-TCA CONCENTRATIONS 

FROM VERTICAL PROFILING INVESTIGATION 


APPROXIMATE DEPTH 25-30ft BELOW WATER TABLE 
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>100,000 ug/L 


10,000 - 100,000 ug/L 


1,000 - 10,000 ug/L 


100 - 1,000 ug/L 


10 - 100 ug/L 


1-10 ug/L 


NOTE: 
VOC IMPACTED ZONES IN VP43 
WERE DETECTED IN THE OFFSET 
LOCATION 
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SUB-SLAB VAPOR SAMPLING POINTS, PHASE ISSV# 
INSTALLED DECEMBER 11, 2006 

NOTE: 

-DRILLING LOCATIONS ARE CONCEPTUAL AND SUBJECT TO MODIFICATIONS TO 


ACCOMMODATE ANY UNDER OR ABOVE-GROUND OBSTRUCTIONS. 

-VP1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH FEBRUARY 6, 2007. 

-SSV/HSB/VP LOCATIONS WERE ADVANCED THROUGH COMMON FLOOR PENETRATION 


FOR LOCATION VP18 THROUGH VP21. 
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FIGURE D-8 

DISTRIBUTION OF 1,1,1-TCA CONCENTRATIONS 

FROM VERTICAL PROFILING INVESTIGATION 


APPROXIMATE DEPTH 30-35ft BELOW WATER TABLE 
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VP43 

VOC LEGEND: 

>100,000 ug/L 


10,000 - 100,000 ug/L 


1,000 - 10,000 ug/L 


100 - 1,000 ug/L 


10 - 100 ug/L 


1-10 ug/L 


NOTE: 
VOC IMPACTED ZONES IN VP43 
WERE DETECTED IN THE OFFSET 
LOCATION 
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SUB-SLAB VAPOR SAMPLING POINTS, PHASE ISSV# 
INSTALLED DECEMBER 11, 2006 

NOTE: 

-DRILLING LOCATIONS ARE CONCEPTUAL AND SUBJECT TO MODIFICATIONS TO 


ACCOMMODATE ANY UNDER OR ABOVE-GROUND OBSTRUCTIONS. 

-VP1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH FEBRUARY 6, 2007. 
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FOR LOCATION VP18 THROUGH VP21. 
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FIGURE D-9 

DISTRIBUTION OF 1,1,1-TCA CONCENTRATIONS 

FROM VERTICAL PROFILING INVESTIGATION 


APPROXIMATE DEPTH 35-40ft BELOW WATER TABLE 
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VOC LEGEND: 

>100,000 ug/L 


10,000 - 100,000 ug/L 


1,000 - 10,000 ug/L 


100 - 1,000 ug/L 


10 - 100 ug/L 


1-10 ug/L 


NOTE: 
VOC IMPACTED ZONES IN VP43 
WERE DETECTED IN THE OFFSET 
LOCATION 
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SUB-SLAB VAPOR SAMPLING POINTS, PHASE ISSV# 
INSTALLED DECEMBER 11, 2006 

NOTE: 

-DRILLING LOCATIONS ARE CONCEPTUAL AND SUBJECT TO MODIFICATIONS TO 


ACCOMMODATE ANY UNDER OR ABOVE-GROUND OBSTRUCTIONS. 

-VP1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH FEBRUARY 6, 2007. 
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FOR LOCATION VP18 THROUGH VP21. 
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FIGURE D-10 

DISTRIBUTION OF 1,1,1-TCA CONCENTRATIONS 

FROM VERTICAL PROFILING INVESTIGATION 


APPROXIMATE DEPTH 40-45ft BELOW WATER TABLE 
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1-10 ug/L 


NOTE: 
VOC IMPACTED ZONES IN VP43 
WERE DETECTED IN THE OFFSET 
LOCATION 
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SUB-SLAB VAPOR SAMPLING POINTS, PHASE ISSV# 
INSTALLED DECEMBER 11, 2006 

NOTE: 

-DRILLING LOCATIONS ARE CONCEPTUAL AND SUBJECT TO MODIFICATIONS TO 


ACCOMMODATE ANY UNDER OR ABOVE-GROUND OBSTRUCTIONS. 

-VP1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH FEBRUARY 6, 2007. 
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FIGURE D-11 

DISTRIBUTION OF 1,1,1-TCA CONCENTRATIONS 

FROM VERTICAL PROFILING INVESTIGATION 


APPROXIMATE DEPTH 45-50ft BELOW WATER TABLE 
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VP44 
VP43 

VOC LEGEND: 

>100,000 ug/L 


10,000 - 100,000 ug/L 


1,000 - 10,000 ug/L 


100 - 1,000 ug/L 


10 - 100 ug/L 


1-10 ug/L 


NOTE: 
VOC IMPACTED ZONES IN VP43 
WERE DETECTED IN THE OFFSET 
LOCATION 
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NOTE: 

-DRILLING LOCATIONS ARE CONCEPTUAL AND SUBJECT TO MODIFICATIONS TO 


ACCOMMODATE ANY UNDER OR ABOVE-GROUND OBSTRUCTIONS. 

-VP1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH FEBRUARY 6, 2007. 
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FOR LOCATION VP18 THROUGH VP21. 
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FIGURE D-12 

DISTRIBUTION OF 1,1,1-TCA CONCENTRATIONS 

FROM VERTICAL PROFILING INVESTIGATION 


APPROXIMATE DEPTH 50-55ft BELOW WATER TABLE 
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VP43 

VOC LEGEND: 

>100,000 ug/L 


10,000 - 100,000 ug/L 


1,000 - 10,000 ug/L 


100 - 1,000 ug/L 


10 - 100 ug/L 


1-10 ug/L 


NOTE: 
VOC IMPACTED ZONES IN VP43 
WERE DETECTED IN THE OFFSET 
LOCATION 
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SUB-SLAB VAPOR SAMPLING POINTS, PHASE ISSV# 
INSTALLED DECEMBER 11, 2006 

NOTE: 

-DRILLING LOCATIONS ARE CONCEPTUAL AND SUBJECT TO MODIFICATIONS TO 


ACCOMMODATE ANY UNDER OR ABOVE-GROUND OBSTRUCTIONS. 

-VP1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH FEBRUARY 6, 2007. 

-SSV/HSB/VP LOCATIONS WERE ADVANCED THROUGH COMMON FLOOR PENETRATION 


FOR LOCATION VP18 THROUGH VP21. 
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FIGURE D-13 

DISTRIBUTION OF 1,1,1-TCA CONCENTRATIONS 

FROM VERTICAL PROFILING INVESTIGATION 


APPROXIMATE DEPTH 55-60ft BELOW WATER TABLE 
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APPENDIX E 

VP-17 Delineation Total VOC Isoconcentration Maps 

HULL & ASSOCIATES, INC. SEPTEMBER 2009 

MASON, OHIO NHB034.200.0020 
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NOTE: 
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LOCATION 
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NOTE: 
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LOCATION 
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-VP1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH FEBRUARY 6, 2007. 


NEW HAMPSHIRE BALL BEARINGS, INC 
-SSV/HSB/VP LOCATIONS WERE ADVANCED THROUGH COMMON FLOOR PENETRATION 
GROUNDWATER FOCUSED FEASIBILITY STUDY 


FOR LOCATION VP18 THROUGH VP21. 
FIGURE E-2 


DISTRIBUTION OF TOTAL VOC CONCENTRATIONS 

tes, inc. FROM VERTICAL PROFILING INVESTIGATION 


ENGINEERS I GEOLOGISTS I SCIENTISTS I PLANNERS 

APPROXIMATE DEPTH 5ft BELOW WATER TABLE 

4770 DUKE DRIVE PHONE: (513) 459-9677 
 PETERBOROUGH, NEW HAMPSHIRE 
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 V P 4 4 3510
 4  2 0 P4C 
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VOC LEGEND: 

>100,000 ug/L 


10,000 - 100,000 ug/L 


1,000 - 10,000 ug/L 


100 - 1,000 ug/L 


10 - 100 ug/L 


1-10 ug/L 


NOTE: 
VOC IMPACTED ZONES IN VP43 
WERE DETECTED IN THE OFFSET 
LOCATION 

2006 

F S S B - #  + SOIL BORING INSTALLED APRIL 12—16 

SUB-SLAB VAPOR SAMPLING POINTS, PHASE ISSV# 
INSTALLED DECEMBER 11, 2006 

NOTE: 

-DRILLING LOCATIONS ARE CONCEPTUAL AND SUBJECT TO MODIFICATIONS TO 


ACCOMMODATE ANY UNDER OR ABOVE-GROUND OBSTRUCTIONS. 

-VP1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH FEBRUARY 6, 2007. 


NEW HAMPSHIRE BALL BEARINGS, INC 
-SSV/HSB/VP LOCATIONS WERE ADVANCED THROUGH COMMON FLOOR PENETRATION 
GROUNDWATER FOCUSED FEASIBILITY STUDY 


FOR LOCATION VP18 THROUGH VP21. 
FIGURE E-3 


DISTRIBUTION OF TOTAL VOC CONCENTRATIONS 

tes, inc. FROM VERTICAL PROFILING INVESTIGATION 


ENGINEERS I GEOLOGISTS I SCIENTISTS I PLANNERS 

APPROXIMATE DEPTH 5-10ft BELOW WATER TABLE 

4770 DUKE DRIVE PHONE: (513) 459-9677 
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SUITE 300 FAX: (513) 459-9869 
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N 


VOC LEGEND: 

>100,000 ug/L 


10,000 - 100,000 ug/L 


1,000 - 10,000 ug/L 


100 - 1,000 ug/L 


10 - 100 ug/L 


1-10 ug/L 


NOTE: 
VOC IMPACTED ZONES IN VP43 
WERE DETECTED IN THE OFFSET 
LOCATION 

2006 

F S S B - #  + SOIL BORING INSTALLED APRIL 12—16 

SUB-SLAB VAPOR SAMPLING POINTS, PHASE ISSV# 
INSTALLED DECEMBER 11, 2006 

NOTE: 

-DRILLING LOCATIONS ARE CONCEPTUAL AND SUBJECT TO MODIFICATIONS TO 


ACCOMMODATE ANY UNDER OR ABOVE-GROUND OBSTRUCTIONS. 

-VP1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH FEBRUARY 6, 2007. 


NEW HAMPSHIRE BALL BEARINGS, INC 
-SSV/HSB/VP LOCATIONS WERE ADVANCED THROUGH COMMON FLOOR PENETRATION 
GROUNDWATER FOCUSED FEASIBILITY STUDY 


FOR LOCATION VP18 THROUGH VP21. 
FIGURE E-4 


DISTRIBUTION OF TOTAL VOC CONCENTRATIONS 

tes, inc. FROM VERTICAL PROFILING INVESTIGATION 


ENGINEERS I GEOLOGISTS I SCIENTISTS I PLANNERS 

APPROXIMATE DEPTH 10-15ft BELOW WATER TABLE 
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N 


VOC LEGEND: 

>100,000 ug/L 


10,000 - 100,000 ug/L 


1,000 - 10,000 ug/L 


100 - 1,000 ug/L 


10 - 100 ug/L 


1-10 ug/L 


NOTE: 
VOC IMPACTED ZONES IN VP43 
WERE DETECTED IN THE OFFSET 
LOCATION 

2006 

F S S B - #  + SOIL BORING INSTALLED APRIL 12—16 

SUB-SLAB VAPOR SAMPLING POINTS, PHASE ISSV# 
INSTALLED DECEMBER 11, 2006 

NOTE: 

-DRILLING LOCATIONS ARE CONCEPTUAL AND SUBJECT TO MODIFICATIONS TO 


ACCOMMODATE ANY UNDER OR ABOVE-GROUND OBSTRUCTIONS. 

-VP1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH FEBRUARY 6, 2007. 


NEW HAMPSHIRE BALL BEARINGS, INC 
-SSV/HSB/VP LOCATIONS WERE ADVANCED THROUGH COMMON FLOOR PENETRATION 
GROUNDWATER FOCUSED FEASIBILITY STUDY 


FOR LOCATION VP18 THROUGH VP21. 
FIGURE E-5 


DISTRIBUTION OF TOTAL VOC CONCENTRATIONS 

tes, inc. FROM VERTICAL PROFILING INVESTIGATION 


ENGINEERS I GEOLOGISTS I SCIENTISTS I PLANNERS 

APPROXIMATE DEPTH 15-20ft BELOW WATER TABLE 
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N 


VOC LEGEND: 

>100,000 ug/L 


10,000 - 100,000 ug/L 


1,000 - 10,000 ug/L 


100 - 1,000 ug/L 


10 - 100 ug/L 


1-10 ug/L 


NOTE: 
VOC IMPACTED ZONES IN VP43 
WERE DETECTED IN THE OFFSET 
LOCATION 

2006 

F S S B - #  + SOIL BORING INSTALLED APRIL 12—16 

SUB-SLAB VAPOR SAMPLING POINTS, PHASE ISSV# 
INSTALLED DECEMBER 11, 2006 

NOTE: 

-DRILLING LOCATIONS ARE CONCEPTUAL AND SUBJECT TO MODIFICATIONS TO 


ACCOMMODATE ANY UNDER OR ABOVE-GROUND OBSTRUCTIONS. 

-VP1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH FEBRUARY 6, 2007. 


NEW HAMPSHIRE BALL BEARINGS, INC 
-SSV/HSB/VP LOCATIONS WERE ADVANCED THROUGH COMMON FLOOR PENETRATION 
GROUNDWATER FOCUSED FEASIBILITY STUDY 


FOR LOCATION VP18 THROUGH VP21. 
FIGURE E-6 


DISTRIBUTION OF TOTAL VOC CONCENTRATIONS 

tes, inc. FROM VERTICAL PROFILING INVESTIGATION 


ENGINEERS I GEOLOGISTS I SCIENTISTS I PLANNERS 

APPROXIMATE DEPTH 20-25ft BELOW WATER TABLE 
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N 


VOC LEGEND: 

>100,000 ug/L 


10,000 - 100,000 ug/L 


1,000 - 10,000 ug/L 


100 - 1,000 ug/L 


10 - 100 ug/L 


1-10 ug/L 


NOTE: 
VOC IMPACTED ZONES IN VP43 
WERE DETECTED IN THE OFFSET 
LOCATION 

2006 

F S S B - #  + SOIL BORING INSTALLED APRIL 12—16 

SUB-SLAB VAPOR SAMPLING POINTS, PHASE ISSV# 
INSTALLED DECEMBER 11, 2006 

NOTE: 

-DRILLING LOCATIONS ARE CONCEPTUAL AND SUBJECT TO MODIFICATIONS TO 


ACCOMMODATE ANY UNDER OR ABOVE-GROUND OBSTRUCTIONS. 

-VP1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH FEBRUARY 6, 2007. 


NEW HAMPSHIRE BALL BEARINGS, INC 
-SSV/HSB/VP LOCATIONS WERE ADVANCED THROUGH COMMON FLOOR PENETRATION 
GROUNDWATER FOCUSED FEASIBILITY STUDY 


FOR LOCATION VP18 THROUGH VP21. 
FIGURE E-7 


DISTRIBUTION OF TOTAL VOC CONCENTRATIONS 

tes, inc. FROM VERTICAL PROFILING INVESTIGATION 


ENGINEERS I GEOLOGISTS I SCIENTISTS I PLANNERS 

APPROXIMATE DEPTH 25-30ft BELOW WATER TABLE 

4770 DUKE DRIVE PHONE: (513) 459-9677 
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VOC LEGEND: 

>100,000 ug/L 


10,000 - 100,000 ug/L 


1,000 - 10,000 ug/L 


100 - 1,000 ug/L 


10 - 100 ug/L 


1-10 ug/L 


NOTE: 
VOC IMPACTED ZONES IN VP43 
WERE DETECTED IN THE OFFSET 
LOCATION 

2006 

F S S B - #  + SOIL BORING INSTALLED APRIL 12—16 

SUB-SLAB VAPOR SAMPLING POINTS, PHASE ISSV# 
INSTALLED DECEMBER 11, 2006 

NOTE: 

-DRILLING LOCATIONS ARE CONCEPTUAL AND SUBJECT TO MODIFICATIONS TO 


ACCOMMODATE ANY UNDER OR ABOVE-GROUND OBSTRUCTIONS. 

-VP1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH FEBRUARY 6, 2007. 


NEW HAMPSHIRE BALL BEARINGS, INC 
-SSV/HSB/VP LOCATIONS WERE ADVANCED THROUGH COMMON FLOOR PENETRATION 
GROUNDWATER FOCUSED FEASIBILITY STUDY 


FOR LOCATION VP18 THROUGH VP21. 
FIGURE E-8 


DISTRIBUTION OF TOTAL VOC CONCENTRATIONS 

tes, inc. FROM VERTICAL PROFILING INVESTIGATION 


ENGINEERS I GEOLOGISTS I SCIENTISTS I PLANNERS 

APPROXIMATE DEPTH 30-35ft BELOW WATER TABLE 
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N 


VOC LEGEND: 

>100,000 ug/L 


10,000 - 100,000 ug/L 


1,000 - 10,000 ug/L 


100 - 1,000 ug/L 


10 - 100 ug/L 


1-10 ug/L 


NOTE: 
VOC IMPACKED ZONES IN VP43 
WERE DETECTED IN THE OFFSET 
LOCATION 

2006 

F S S B - #  + SOIL BORING INSTALLED APRIL 12—16 

SUB-SLAB VAPOR SAMPLING POINTS, PHASE ISSV# 
INSTALLED DECEMBER 11, 2006 

NOTE: 

-DRILLING LOCATIONS ARE CONCEPTUAL AND SUBJECT TO MODIFICATIONS TO 


ACCOMMODATE ANY UNDER OR ABOVE-GROUND OBSTRUCTIONS. 

-VP1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH FEBRUARY 6, 2007. 


NEW HAMPSHIRE BALL BEARINGS, INC 
-SSV/HSB/VP LOCATIONS WERE ADVANCED THROUGH COMMON FLOOR PENETRATION 
GROUNDWATER FOCUSED FEASIBILITY STUDY 


FOR LOCATION VP18 THROUGH VP21. 
FIGURE E-9 


DISTRIBUTION OF TOTAL VOC CONCENTRATIONS 

tes, inc. FROM VERTICAL PROFILING INVESTIGATION 


ENGINEERS I GEOLOGISTS I SCIENTISTS I PLANNERS 

APPROXIMATE DEPTH 35-40ft BELOW WATER TABLE 
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 PETERBOROUGH, NEW HAMPSHIRE 
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VP43 

VOC LEGEND: 

>100,000 ug/L 


10,000 - 100,000 ug/L 


1,000 - 10,000 ug/L 


100 - 1,000 ug/L 


10 - 100 ug/L 


1-10 ug/L 


NOTE: 
VOC IMPACTED ZONES IN VP43 
WERE DETECTED IN THE OFFSET 
LOCATION 

2006 

F S S B - #  + SOIL BORING INSTALLED APRIL 12—16 

SUB-SLAB VAPOR SAMPLING POINTS, PHASE ISSV# 
INSTALLED DECEMBER 11, 2006 

NOTE: 

-DRILLING LOCATIONS ARE CONCEPTUAL AND SUBJECT TO MODIFICATIONS TO 


ACCOMMODATE ANY UNDER OR ABOVE-GROUND OBSTRUCTIONS. 

-VP1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH FEBRUARY 6, 2007. 


NEW HAMPSHIRE BALL BEARINGS, INC 
-SSV/HSB/VP LOCATIONS WERE ADVANCED THROUGH COMMON FLOOR PENETRATION 
GROUNDWATER FOCUSED FEASIBILITY STUDY 


FOR LOCATION VP18 THROUGH VP21. 
FIGURE E-10 


DISTRIBUTION OF TOTAL VOC CONCENTRATIONS 

tes, inc. FROM VERTICAL PROFILING INVESTIGATION 


ENGINEERS I GEOLOGISTS I SCIENTISTS I PLANNERS 

APPROXIMATE DEPTH 40-45ft BELOW WATER TABLE 
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n Rn VP44 0.80 A o 70 VP40 - ^ - u . / u VP43 

VOC LEGEND: 

>100,000 ug/L 

10,000 - 100,000 ug/L 

1,000 - 10,000 ug/L 

100 - 1,000 ug/L 

10 - 100 ug/L 

1 - 1 0 ug/L 

NOTE: 
VOC IMPACTED ZONES IN VP43 
WERE DETECTED IN THE OFFSET 
LOCATION 

2006 

F S S B - #  + SOIL BORING INSTALLED APRIL 12—16 

SUB-SLAB VAPOR SAMPLING POINTS, PHASE ISSV# 
INSTALLED DECEMBER 11, 2006 

NOTE: 

-DRILLING LOCATIONS ARE CONCEPTUAL AND SUBJECT TO MODIFICATIONS TO 


ACCOMMODATE ANY UNDER OR ABOVE-GROUND OBSTRUCTIONS. 

-VP1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH FEBRUARY 6, 2007. 


NEW HAMPSHIRE BALL BEARINGS, INC 
-SSV/HSB/VP LOCATIONS WERE ADVANCED THROUGH COMMON FLOOR PENETRATION 
GROUNDWATER FOCUSED FEASIBILITY STUDY 


FOR LOCATION VP18 THROUGH VP21. 
FIGURE E-11 


DISTRIBUTION OF TOTAL VOC CONCENTRATIONS 

tes, inc. FROM VERTICAL PROFILING INVESTIGATION 


ENGINEERS I GEOLOGISTS I SCIENTISTS I PLANNERS 

APPROXIMATE DEPTH 45-50ft BELOW WATER TABLE 

4770 DUKE DRIVE PHONE: (513) 459-9677 
 PETERBOROUGH, NEW HAMPSHIRE 
SUITE 300 FAX: (513) 459-9869 
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VP44 
VP43 

VOC LEGEND: 

>100,000 ug/L 


10,000 - 100,000 ug/L 


1,000 - 10,000 ug/L 


100 - 1,000 ug/L 


10 - 100 ug/L 


1-10 ug/L 


NOTE: 
VOC IMPACTED ZONES IN VP43 
WERE DETECTED IN THE OFFSET 
LOCATION 

2006 

F S S B - #  + SOIL BORING INSTALLED APRIL 12—16 

SUB-SLAB VAPOR SAMPLING POINTS, PHASE ISSV# 
INSTALLED DECEMBER 11, 2006 

NOTE: 

-DRILLING LOCATIONS ARE CONCEPTUAL AND SUBJECT TO MODIFICATIONS TO 


ACCOMMODATE ANY UNDER OR ABOVE-GROUND OBSTRUCTIONS. 

-VP1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH FEBRUARY 6, 2007. 


NEW HAMPSHIRE BALL BEARINGS, INC 
-SSV/HSB/VP LOCATIONS WERE ADVANCED THROUGH COMMON FLOOR PENETRATION 
GROUNDWATER FOCUSED FEASIBILITY STUDY 


FOR LOCATION VP18 THROUGH VP21. 
FIGURE E-12 


DISTRIBUTION OF TOTAL VOC CONCENTRATIONS 

tes, inc. FROM VERTICAL PROFILING INVESTIGATION 


ENGINEERS I GEOLOGISTS I SCIENTISTS I PLANNERS 

APPROXIMATE DEPTH 50-55ft BELOW WATER TABLE 
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VP43 

VOC LEGEND: 

>100,000 ug/L 


10,000 - 100,000 ug/L 


1,000 - 10,000 ug/L 


100 - 1,000 ug/L 


10 - 100 ug/L 


1-10 ug/L 


NOTE: 
VOC IMPACTED ZONES IN VP43 
WERE DETECTED IN THE OFFSET 
LOCATION 

2006 

F S S B - #  + SOIL BORING INSTALLED APRIL 12—16 

SUB-SLAB VAPOR SAMPLING POINTS, PHASE ISSV# 
INSTALLED DECEMBER 11, 2006 

NOTE: 

-DRILLING LOCATIONS ARE CONCEPTUAL AND SUBJECT TO MODIFICATIONS TO 


ACCOMMODATE ANY UNDER OR ABOVE-GROUND OBSTRUCTIONS. 

-VP1 THROUGH VP36 INSTALLED DECEMBER 11, 2006 THROUGH FEBRUARY 6, 2007. 


NEW HAMPSHIRE BALL BEARINGS, INC 
-SSV/HSB/VP LOCATIONS WERE ADVANCED THROUGH COMMON FLOOR PENETRATION 
GROUNDWATER FOCUSED FEASIBILITY STUDY 


FOR LOCATION VP18 THROUGH VP21. 
FIGURE E-13 


DISTRIBUTION OF TOTAL VOC CONCENTRATIONS 

tes, inc. FROM VERTICAL PROFILING INVESTIGATION 


ENGINEERS I GEOLOGISTS I SCIENTISTS I PLANNERS 

APPROXIMATE DEPTH 55-60ft BELOW WATER TABLE 
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§245-1 3 ZONING 	 §245-14
 

M. Variances and appeals. 

(1) 	 Any order, requirement, decision or determination of the Code Enforcement Officer made 
under this section may be appealed to the Zoning Board of Adjustment as set forth in RSA 
676:5. 

(2) 	 If the applicant, upon appeal, requests a variance as authorized by RSA 674:33, I(b), the 
applicant shall have the burden of showing, in addition to the usual variance standards under 
state law: 

(a) 	 That the variance will not result in increased flood heights, additional threats to public 
safety or extraordinary public expense. 

(b) 	 That, if the requested variance is for an activity within a designated regulatory floodway, 
no increase in flood levels during the base flood discharge will result.  

(c) 	 That the variance is the minimum necessary, considering the flood hazard, to afford 
relief. 

(3) 	 The Zoning Board of Adjustment shall notify the applicant, in writing, that the issuance of a 
variance to construct below the base flood level will result in increased premium rates for flood 
insurance up to amounts as high as twenty-five dollars ($25.) for one hundred dollars ($100.) of 
insurance coverage and such construction below the base flood level increases risks to life and 
property. Such notification shall be maintained with a record of all variance actions.  

(4) 	 The community shall maintain a record of all variance actions, including its justification for 
their issuance, and report such variances issued in its annual or biennial report submitted to 
FEMA's Federal Insurance Administrator.  

§245-14. Groundwater Protection Overlay Zone  

A. Purpose 

The purposes of this ordinance are to: protect public health, safety, and general welfare; preserve, 
maintain, and protect from contamination existing and potential groundwater supply areas; and 
protect surface waters that are fed by groundwater and/or recharge groundwater supplies.  These 
purposes are to be accomplished by regulating land uses that could contribute pollutants to 
designated wells and/or aquifers identified as being needed for present and/or future public water 
supply. 

B. Definitions. As used in this section, the following terms shall have the meanings indicated: 

(1)	 Animal Feedlot:  An area where animals are fed and confined for the commercial raising of 
livestock. 

(2)	 Aquifer: A geologic formation composed of rock, sand, or gravel that contains significant 
amounts of potentially recoverable water.  

(3)	 Bulk Storage:  The storage of more than 10,000 gallons of liquid or solid substance. 
(4)	 Groundwater: Subsurface water that occurs beneath the water table in soils and geologic 

formations. 
(5)	 Groundwater Protection Zone D:  Those areas where pumping or use of groundwater is 

regulated due to remedial action activities necessary to clean up contamination of the 
groundwater.  

(6)	 Impervious surface: A surface that does not readily permit the infiltration of water or other 
substances. 
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§245-1 4 ZONING 	 §245-14
 

(7)	 Junkyard: An establishment or place of business which is maintained, operated, or used for 
storing, keeping, buying, or selling junk, or for the maintenance or operation of an automotive 
recycling yard, and includes garbage dumps and sanitary landfills. The word does not include 
any motor vehicle dealers registered with the director of motor vehicles under RSA 261:104 
and controlled under RSA 236:126.  

(8)	 Outdoor storage: Storage of materials where they are not protected from the elements by a roof, 
walls, and a floor with an impervious surface.  

(9)	 Public water system: A system for the provision to the public of piped water for human 
consumption, if such system has at least 15 service connections or regularly serves an average 
of at least 25 individuals daily at least 60 days out of the year.  

(10) Regulated substance: Petroleum, petroleum products, and substances listed under 40 CFR 302, 
7-1-90 edition (a copy of which is on file with the Code Enforcement Officer), excluding the 
following substances: (1) ammonia, (2) sodium hypochlorite, (3) sodium hydroxide, (4) acetic 
acid, (5) sulfuric acid, (6) potassium hydroxide, (7) potassium permanganate, and (8) propane 
and other liquefied fuels which exist as gases at normal atmospheric temperature and pressure.  

(11)	 Remedial Action: Those activities done pursuant to the Record of Decision for the South 
Municipal Water Supply Well Superfund Site dated September 27, 1989 and the Administrative 
Order docket No. CERCLA 1-90-1074 issued by the United States Environmental Protection 
Agency. 

(12) Sanitary protective radius: The area around a well which must be maintained in its natural state 
as required by NH Department of Environmental Services for community water systems and 
for other public water systems.  

(13) Secondary containment: A structure such as a berm or dike with an impervious surface that is 
adequate to hold at least 110% of the total volume of all containers that will be stored there.  

(14)	 Snow dump: For the purposes of this ordinance, a location where snow  that is cleared from 
roadways and/or motor vehicle parking areas is brought by truck and placed for disposal.  

(15)	 South Municipal Water Supply Well Superfund Site:  That area subject to remedial action as 
defined by Administrative Order Docket No. CERCLA 1-90-1074, issued by the United States 
Environmental Protection Agency. 

(16) Stratified-drift aquifer: A geologic formation of predominantly well-sorted sediment deposited 
by or in bodies of glacial meltwater, including gravel, sand, silt, or clay, which contains 
sufficient saturated permeable material to yield significant quantities of water to wells.  

(17)	 Surface water: Streams, lakes, ponds and tidal waters, including marshes, water courses and 
other bodies of water, natural or artificial. 

(18) Wellhead protection area: The surface and subsurface area surrounding a water well or well 
field supplying a community or non-transient non-community public water system, through 
which contaminants are reasonably likely to move toward and reach such water well or well 
field. 

C. Groundwater Protection Overlay Zone 

(1) The Groundwater Protection Overlay Zone is superimposed over the existing underlying zoning 
districts and is comprised of Wellhead Protection Areas and Stratified Drift Aquifer Areas, both 
of which are shown on a map entitled “Groundwater Protection Overlay Zone”.   

(a) The Stratified Drift Aquifer Area encompasses the land area that is underlain by a zone of 
unconsolidated deposits that contain predominantly sand and/or gravel deposits that: (i) 
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contain a usable water supply; or (ii) directly contribute water to more transmissive sand 
and gravel deposits that contain a usable water supply.  The boundary of the Zone is the 
contact of sand and/or gravel deposits with other geologic deposits or boundary 
conditions within the subsurface. 

(b) Groundwater Protection Zone D encompasses the land area as shown on a map entitled 
“District D” on file with the Office of Community Development. 

(2) When the actual boundary of the Groundwater Protection Overlay Zone is in dispute by any 
owner or abutter affected by said boundary, the Town will engage, at the owner or abutter’s 
expense, a professional geologist or hydro geologist to determine more accurately the precise 
boundary of the District.   

(3) The Planning Board may adjust the mapped boundary of the Zone to make it consistent with the 
above definition, upon the recommendation of a professional geologist using 1:24,000-scale 
surficial geology maps prepared by the NH Geological Survey, other existing data (including 
wells, borings, or other excavations of sufficient depth), or appropriate field testing methods. 

D. Applicability 

All uses permitted by right or allowed by special exception in the underlying zoning districts are 
permitted in the Groundwater Protection Overlay Zone unless they are Prohibited Uses under 
Section F. All uses must comply with the Performance Standards unless specifically exempt under 
Section H. 

E. Performance Standards  

The following Performance Standards apply to all uses in the Groundwater Protection District 
unless exempt under Section H:  

(1) All new residential development with a density of greater than one unit per acre shall be 
connected to town sewer and clustered on the site so that impervious surfaces are not more than 
20% of the land area. 

(2) Any permitted facility that involves the handling, processing, recycling, disposal or storage of 
hazardous or toxic materials must provide a plan certified by a professional engineer that 
explains in detail the proposed use and the methods for handling and monitoring those 
materials. 

(3) For any use that will render impervious more than 20,000 square feet of any lot, a stormwater 
management plan shall be prepared in accordance with the Stormwater Management and 
Erosion Control Regulations and the Stormwater Design Standards that are contained in 
Appendix B of the Peterborough Subdivision Regulations.   

(4) Animal manures, fertilizers, and compost must be stored in accordance with Manual of Best 
Management Practices for Agriculture in New Hampshire, NH Department of Agriculture, 
Markets, and Food, August 1998, and any subsequent revisions.  

(5) All regulated substances must be stored in product-tight containers on an impervious surface 
designed and maintained to prevent flow to exposed soils, floor drains, and outside drains. 

(6) Facilities where regulated substances are stored must be secured against unauthorized entry by 
means of doors and/or gates which are locked when authorized personnel are not present and 
must be inspected weekly by the facility owner. 

(7) Storage areas for regulated substances must be protected from exposure to precipitation and 
must be located at least 50 feet from surface water or storm drains, at least 75 feet from private 
wells, and outside the sanitary protective radius of wells used by public water systems. 
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(8) Secondary containment must be provided for outdoor storage of regulated substances if an 
aggregate of 275 gallons or more of regulated substances are stored outdoors.   

(9) Containers in which regulated substances are stored must be clearly and visibly labeled and 
must be kept closed and sealed when material is not being transferred from one container to 
another. 

F. Prohibited Uses.   

(1) Within the Wellhead Protection Areas only: 

(a)	 Gasoline and automobile service stations, including auto body repair. 

(b)	 Commercial disposal of septage. 

(c)	 Dry Cleaning Establishments. 

(2) 	 Within the entire Groundwater Protection Overlay District: 

(a)	 The siting or operation of a hazardous waste disposal facility as defined under RSA 
147-A. 

(b)	 The siting or operation of a solid waste landfill. 

(c)	 The unenclosed storage of road salt or other deicing chemicals in bulk. 

(d)	 The siting or operation of a junkyard. 

(e)	 The siting or operation of a snow dump. The siting or operation of a wastewater or 
septage lagoon. 

(f)	 Bulk Fuel Storage Yards. 

(g)	 Animal feedlots. 

(h)	 The storage of junk or wrecked vehicles unless provisions are made for the collection 
and proper disposal of any leaking fluids. 

(i)	 On-site handling, processing, recycling, disposing, or storing of hazardous or toxic 
materials or wastes, except when packaged for consumer use or sale.   

(3) 	  Within the Groundwater Protection Zone D: The pumping or use of groundwater is prohibited 
due to remediation activities in nearby aquifers in those areas defined and mapped as 
disallowed groundwater use aquifer areas in the "Memorandum on Institutional Controls, 
South Municipal Water Supply Well Superfund Site, Peterborough, NH: NHBA6B.051" by 
Hull & Associates, Inc., and accompanying letter dated October 25, 1993, and as it may be 
amended in the future. The boundary of this district has been set approximately 1,000 feet 
beyond the extent of contamination as determined by chemical analyses of the groundwater at 
the site. The following restrictions and prohibitions shall apply: 

(a) The requirements, restrictions, and prohibitions 	of the underlying zoning districts, 
including any other Groundwater Protection Overlay Zone, shall continue to apply to the 
extent that they are not inconsistent with the provisions of this section. 

(b) Pumping of groundwater from any well, trench, sump, or other structure for residential, 
irrigation, agricultural, or industrial purpose is prohibited, unless such pumping is required 
for removal of any toxic or hazardous materials or wastes in compliance with applicable 
laws, regulations, or orders; or unless it is for the specific purpose of pumping groundwater 
out of a sump to keep a cellar from flooding during periods of high groundwater 
conditions. 
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(c) The Groundwater Protection Zone D shall remain in effect until the remediation at the 
corresponding site is complete and the contamination in the aquifer is reduced to levels 
acceptable to the United States Environmental Protection Agency and the NH Department 
of Environmental Services. 

G. Existing Nonconforming Uses  

Existing nonconforming uses may continue without expanding or changing to another 
nonconforming use, but must be in compliance with all applicable state and federal requirements. 

H. Exemptions 

The following uses are exempt from the specified provisions of this ordinance as long as they are in 
compliance with all applicable local, state, and federal requirements: 

(1) Storage of heating fuels for on-site use or fuels for emergency electric generation, provided that 
storage tanks are indoors on a concrete floor or have corrosion control, leak detection, and 
secondary containment in place, is exempt from Section E, Performance Standards. 

(2) Storage and use of office supplies is exempt from Performance Standards 5 through 9.   

(3) Temporary storage of construction materials on a site where they are to be used is exempt from 
Performance Standards 5 through 9. 

(4) The sale, transportation, and use of pesticides are regulated by State law and are therefore exempt 
from all provisions of this ordinance.   For the purposes of this ordinance, "Pesticide" means (a) 
Any substance or mixture of substances intended for preventing, destroying, repelling, or 
mitigating any pest; and (b) Any chemical or biological agent, or substance or mixture of 
substances of such agents, intended to control a pest or for use as a plant regulator, defoliant, or 
desiccant. 

(5) Household hazardous waste collection projects regulated under NH Code of Administrative Rules 
are exempt from Performance Standards 5 through 9. 

§ 245-15. Wetlands Protection District 

A. 	Purpose. The purpose of this section is to protect, through the authority granted in RSA 674:16-17 
and 674:20-21, the public health, safety, and general welfare by guiding and controlling the use of 
land designated as "wetlands," as defined in this section. 

B. 	 Intent. The specific intent of this section is to:  

(1) 	 Prevent the development of structures or other land uses on naturally occurring wetlands which 
could contribute to the pollution of surface and ground water. 

(2) 	 Prevent the alteration of natural wetlands which provide flood protection, recharge of 
groundwater supply, or augmentation of stream flow during dry periods. 

(3) 	 Protect potential water supplies, existing aquifers, and aquifer recharge areas. 

(4) 	 Allow uses that can be harmoniously, appropriately, and safely located in wetland areas. 

(5) 	 Protect wildlife habitats and maintain ecological balances. 

(6) 	 Maintain conservation corridors along rivers, streams, and drainage ways. 

(7) 	 Prevent unnecessary and potentially excessive expenditures of municipal funds for the 
provision of and/or maintenance of essential services and utilities that might be required as a 
result of misuse or abuse of wetlands. 
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1.0 	 INTRODUCTION AND BACKGROUND 

This bench-scale treatability report was prepared for Hull & Associates, Inc. (Hull) to support 
the design of a granular iron permeable reactive barrier (PRB) for treatment of dissolved 
chlorinated volatile organic compounds (VOCs) present in groundwater at the New 
Hampshire Ball Bearings site in Peterborough, New Hampshire (the “site”).  This report 
presents the results and data interpretation of a column treatability study conducted in ETI’s 
laboratory in Mississauga, Ontario. 

1.1 	 Approach to Technology Implementation at the Site 

A granular iron PRB has been proposed as an in-situ treatment technology to degrade the 
tetrachloroethene (PCE) and other minor chlorinated VOCs, including trichloroethene (TCE), 
cis 1,2-dichloroethene (cDCE), 1,1-dichloroethene (11DCE) and 1,1,1-trichloroethane 
(111TCA) present in the groundwater at the site.  When viewed in the context of previous 
successful applications, the site appears quite amenable to treatment using this technology: 

i) 	 all VOCs present in the site groundwater have been successfully treated in numerous 
laboratory studies and field applications; and 

ii)	 the main inorganic constituents of the plume appears to pose no significant 
impediment to technology application; and 

iii) 	 the plume dimensions and groundwater velocity indicate that a PRB could be cost-
effectively constructed. 

1.2 	 Bench-Scale Test Report Organization 

The remainder of this report is organized as follows: 

•	 Section 2.0 presents the detailed objectives and methods for the bench-scale test. 
•	 Section 3.0 presents the organic and inorganic results from the bench-scale test. 
•	 Section 4.0 discusses the calculated residence time required for VOC treatment to 

meet the target levels and provide a preliminary conceptual design for the treatment 
system. 

•	 Section 5.0 summarizes the results. 
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2.0 	 BENCH-SCALE TEST OBJECTIVES AND METHODS 

2.1 	 Bench-Scale Test Objectives 

The objectives of the bench-scale test were to: 

i) 	 determine the degradation rates of VOC present in the site groundwater.  Using site 
groundwater and several commercial iron sources, these rates allow the calculation of 
the iron thickness required to degrade VOC concentrations below the regulatory 
limits. 

ii) 	 determine the production and subsequent degradation rates of chlorinated compounds 
produced from the VOCs originally present in the site groundwater [e.g., vinyl 
chloride (VC)].  These can also affect the thickness of iron required. 

iii) 	 access the effects of the process on the inorganic chemistry of the groundwater, in 
particular, the potential for mineral precipitation.  Mineral precipitates could affect the 
long-term maintenance requirements of the PRB. 

2.2 	 Bench-Scale Test Methods 

2.2.1 Column Set-Up 

The bench-scale testing included three columns containing 100 % granular iron obtained 
from: 
1. 	 Connelly GPM (CON) of Chicago, IL (CC-1004, -8 to +50 US standard mesh size) 
2. 	Peerless Metal Powders & Abrasive (PL) of Detroit, MI (-8 to +50 US standard mesh 

size) 
3. 	 Quebec Metal Powders Ltd. (QMP) of Sorel-Tracy, Quebec (H2Omet 58, -12 to +50 US 

standard mesh size) 
The grain size distribution curves for these iron sources are shown in Appendix A.  Hydraulic 
conductivity values of 4 × 10-2 cm/sec (113 ft/day) for CON iron, 5 × 10-2 cm/sec (142 ft/day) 
for PL iron and 4.6 × 10-2 cm/sec (130 ft/day) for QMP were obtained using a falling head 
permeameter test (Table 1).  The specific surface area of the granular iron sources was 
determined by the BET method (Brunauer et al., 1938) on a Micromeretic Gemini 2375 
surface analyzer as shown in Table 1. 

The columns were constructed of Plexiglas™ with a length of 1.6 ft (50 cm) and an internal 
diameter of 1.5 in (3.8 cm) (Figures 1 and 2).  Seven sampling ports were positioned along the 
length at distances of 0.08, 0.16, 0.33, 0.50, 0.66, 1.0, and 1.3 ft (2.5, 5, 10, 15, 20, 30, and 
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40 cm) from the inlet end.  The columns also allowed for the collection of samples from the 
influent (0 ft, 0 cm) and effluent lines (1.6 ft, 50 cm).  Each sampling port consisted of a 
nylon Swagelok fitting (0.063 in, 0.16 cm) tapped into the side of the column, with a syringe 
needle (16G) secured by the fitting.  Glass wool was placed in the needle to exclude the iron 
particles. The sampling ports allowed samples to be collected along the central axis of the 
column.  Each sample port was fitted with a Luer-Lok™ fitting, such that a glass syringe 
could be attached to the port to collect a sample.  When not in operation the ports were sealed 
by Luer-Lok™ plugs. 

The granular iron, as received from the vendors, was packed in the columns.  To assure a 
homogeneous mixture, aliquots of iron were packed vertically in lift sections within the 
column. Values of bulk density, porosity, and pore volume (PV) were determined by weight 
(Table 1). The column experiment was performed at a temperature of approximately 22°C 
(72°F). A low flow Ismatec™ IPN pump was used to feed the site water from a collapsible 
Teflon® bag to the influent end of the column.  The pump tubing consisted of Viton®, and all 
the other tubing was Teflon® [0.125 in (0.32 cm) OD × 0.063 in (0.16 cm) ID].  A flow 
velocity of about 1.5 ft/day (50 cm/day) was selected in consultation with Hull. 

Groundwater started flowing through the column on April 25, 2008 and was stopped on June 
12, 2008. 

2.2.2 Influent Groundwater 

Groundwater was collected by Hull from monitoring well MW-9U.  The water was shipped in 
4 L and 1 L amber glass sample bottles with no headspace.  The site water was stored in the 
laboratory at 4°C (39°F) until required at which time it was siphoned from the field sample 
bottles into a collapsible Teflon® bag. As noted in Appendix B by reservoir number [RN], the 
influent reservoir was filled five times [a-e] over the course of the test for the columns. 

Groundwater samples from five of the bottles shipped were analyzed for volatile organic 
compounds (VOCs) are shown in Table 2.  The concentrations of VOCs measured in the same 
well on 4-15-08 by Hull are also shown in Table 2.  Slightly higher concentrations of PCE 
were expected. Therefore, in discussion with Hull & Associates, the PCE concentration was 
increased using a laboratory grade chemical to about 1,000 µg/L. 
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2.2.3 Sampling and Analysis 

The columns were sampled for VOCs every 7 to 12 PVs until steady state concentration 
profiles were achieved. In the bench-scale test, steady state is defined as the time when VOC 
concentrations versus distance profiles do not change significantly between sampling events. 
After removing the stagnant water from the sampling needle, 4.0 mL samples were collected 
from the sampling ports using glass on glass syringes, transferred to glass sample bottles, and 
analyzed immediately (no holding time).  Samples for organic analyses, redox potential (Eh), 
pH, nitrate, chloride and sulphate were collected from each port as well as from the influent 
solution and the effluent overflow bottles (Appendix B). 

Additional samples for complete inorganic analyses (Appendix C) were obtained from the 
influent solution and the effluent overflow bottles towards the end of the test as steady state 
conditions were approached. 

2.3 Analytical Methods 

2.3.1 Organic Analyses 

The less volatile halogenated organics such as PCE, TCE, and 111TCA were extracted from 
the water sample within the glass sample bottle using pentane with an internal standard of 1,2
dibromoethane, at a water to pentane ratio of 2.0 to 2.0 mL.  The sample bottles were placed 
on a rotary shaker for 10 minutes to allow equilibration between the water and the pentane 
phases, then the pentane phase was transferred to an autosampler bottle.  Using a Hewlett 
Packard 7673 autosampler, a 1.0 µL aliquot of pentane with internal standard was 
automatically injected directly into a Hewlett Packard 5890 Series II gas chromatograph 
(GC). The chromatograph was equipped with a Ni63 electron capture detector (ECD) and DB
624 megabore capillary column (30 m x 0.538 mm ID, film thickness 3 µm).  The GC had an 
initial temperature of 50°C, with a temperature time program of 15°C/minute reaching a final 
temperature of 150°C. The detector temperature was 300°C. The carrier gas was helium and 
makeup gas was 5% methane and 95% argon, with a flow rate of 30 mL/min. 

For the more volatile compounds such as cDCE, tDCE, 11DCE and VC, 4.0 mL samples were 
collected in glass on glass syringes and placed in 10 mL Teflon® faced septa crimp cap vials, 
creating a headspace with a ratio of 6.0 mL headspace to 4.0 mL aqueous sample.  The 
samples were placed on a rotary shaker for 15 minutes to allow equilibration between the 
water and gas phase.  Using a Hewlett Packard 7694 headspace auto sampler, a 1 mL stainless 
steel sample loop injected the samples directly onto a Hewlett Packard 5890 Series II gas 
chromatograph.  The chromatograph was equipped with a HNU photoionization detector 
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(PID) with a bulb ionization potential of 10.2 eV.  The gas chromatograph was fitted with a 
fused silica capillary NSW-PLOT column (15 m x 0.53 mm ID).  The samples were placed in 
the analyzer oven for 2 minutes at 75°C, and subsequently injected onto the gas 
chromatograph.  The temperature program was 160°C for 5.5 minutes, then increased at 
20°C/min to 200°C and held for 5.5 minutes.  The injector and detector temperatures were 
100°C and 120°C, respectively.  The carrier gas was helium with a flow rate of 5.5 mL/min. 
Data was collected with a Pentium 166 computer using HP-Chemstation Version 5.04.  

Solid Phase Micro Extraction method was used for 1,1-dichloroethane (11DCA) analysis. 
2 mL samples were prepared by adding 0.5 g NaCl in 4 mL amber sample vials with Teflon 
faced septa. The vials were placed on a stir plate on the SPME sample stand and stirred for 10 
minutes. The tip of the fiber holder was extended through the septa of the sample vial and the 
fiber and lock was extended into place above the liquid level of the sample to expose the fiber 
for 10 minutes before removing and running on the gas chromatograph (SRI GC 8610C).  The 
SRI GC 8610C uses hydrogen both as the carrier gas as well as the fuel for the FID.  It has a 
splitless injection port with a metal injection port liner.  The SPME fiber holder is inserted 
into the injection port and the fiber is extended into the metal precolumn where it is thermally 
desorbed, injection port is set to 200°C. With the oven at an initial temperature of 40°C, the 
analytes condense at the front of the column (Vocol Capillary Column Catalog no. 24205-U, 
Supelco, 30m* 0.25mm 1.5um film thickness). The carrier gas flow rate and the oven 
temperature program determine the rate of travel along the column and the degree of 
separation of the various analytes. 

Method detection limits (MDL) were determined for each compound as the minimum 
concentration of a substance that can be identified, measured and reported with 99% 
confidence that the analyte concentration is greater than zero.  The MDLs were determined 
from analysis of samples from a solution matrix containing the analytes of interest.  Although 
MDLs are reported, these values are not subtracted from any reported VOC concentrations 
(Appendix B). The reason for this is that it indicates that the organic concentrations are 
approaching or advancing within the column, and is helpful when determining degradation 
rates. Detection limits for all compounds, as given in Table 2, were determined using the 
EPA procedure for MDL (US EPA, 1982). 

2.3.2 Inorganic Analyses 

Eh was determined using a combination Ag/AgCl reference electrode with a platinum button 
and a Markson™ Model 90 meter.  The electrode was standardized with ZoBell™. Millivolt 
(mV) readings were converted to Eh, using the electrode reading and the standard potential of 
the Ag/AgCl electrode at a given temperature.  The pH measurements were made using a 
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combination pH/reference electrode and a Markson™ Model 90 meter, standardized with the 
pH buffer 7 and the appropriate buffer of either 4 or 10.  A 2.0 mL sample was collected with 
a glass on glass syringe and analyzed immediately for Eh and then pH.   

Two complete column profiles were collected for nitrate (as N), sulphate and chloride by 
collecting a 0.5 mL sample in autosampler plastic vials (Appendix B).  These samples were 
analyzed by the University of Waterloo laboratory using a Dionex ion chromatograph (ICS
2000) equipped with an ion-eluent generator and conductivity detector.  A Dionex IonPac 
AS18 (4 x 250 mm) was used.  The mobile phase used was 30 mM KOH at a flow rate of 1.2 
mL/min.  The data were collected with a Dell P4-3GHz computer using Dionex chromeleon 
6.5 software. 

At the end of the test, two water samples were collected from the influent and effluent of each 
column and sent to Maxxam Analytics Inc. for cation and anion analyses.  Cation analyses, 
included Fe, Na, Mg, Ca, K, Mn, etc. were performed using inductively coupled plasma 
(ICP). All cation samples were unfiltered and acidified to a pH of 2 with nitric acid.  Anion 
analyses, including Cl, NO3, SO4, etc. were performed using ion chromatography.  In 
addition, alkalinity, ammonia (as N), total organic carbon (TOC) and dissolved organic 
carbon (DOC) analyses are determined by colorimetry and were sampled from the column 
influent and effluent. The TOC and DOC samples were unfiltered and acidified to a pH of 2 
with sulphuric acid. Detection limits for the inorganic parameters are included in Table 3.   
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3.0 BENCH-SCALE TEST RESULTS 

3.1 Degradation of Volatile Organic Compounds 

Samples for measurement of VOC concentrations along the length of each of the columns 
were taken approximately every 7 to 12 PVs (Appendix B).  Using the distance for each 
sampling port and flow velocity, the residence time was calculated for each port.  The results 
obtained when steady state conditions were reached are plotted as VOC concentration (µg/L) 
versus residence time within the column (hrs).  The final steady-state concentration profiles 
for the column are shown in Figures 3 to 5.  At a flow velocity of about 1.5 ft/day, one PV 
corresponds to a residence time of 25 to 27 hours within the three columns (Table 1).  A total 
of 42 to 46 PVs of water were passed through the columns.   

Figures 3, 4 and 5 show the steady state profiles for PCE, TCE and 111TCA for all three 
columns, respectively.  The concentration of PCE declined from an influent concentration of 
about 1,350 µg/L to non-detectable value within a residence times of 5.4 hours and 20 hours 
in the CON and PL columns, respectively (Figure 3).  The QMP column showed an 
incomplete reduction of PCE to an effluent value of 680 µg/L at 25.5 hours (Figure 3). The 
influent concentrations of 20 µg/L TCE declined to non-detectable levels within a residence 
time of 5.4 hours, 10 hours in the CON and PL columns, while TCE persisted at a level of 
7.7 µg/L in the effluent of the QMP column (Figure 4).  The influent concentration of 
111TCA of about 30 µg/L declined to non-detectable levels within a residence time of 1.4 
hours, 1.2 hours and 2.5 hours in the CON, PL and QMP columns, respectively (Figure 5). 
Trace concentrations of cDCE and 11DCE present in the site water were completely reduced 
to non-detectable values within all columns (Appendix B).  VC was not observed in any of the 
columns (Appendix B).   

3.2 Determination of VOC Degradation Parameters 

The VOC degradation trends observed in groundwater in contact with granular iron are 
typically described using first-order kinetics: 

C = Coe-kt	 (1)

 or 

⎛	 C ⎞ln	⎜⎜ ⎟⎟ = −kt (2) 
⎝ Co ⎠ 

32580.10 7 



 

 

 
 

 

 

 

 

 

 

  
   
 
  
 

 
   
   
 
 

envirometal technologies inc. 

where: C = VOC concentration in solution at time t,  
Co = VOC concentration of the influent solution, 
k = first-order rate constant, and 
t = time. 

The time at which the initial concentration declines by one-half, (C/Co = 0.5), is the half-life. 

ETI has developed a first-order kinetic model to simulate the degradation of VOCs with 
granular iron. In the model, potential breakdown products are concurrently produced and 
degraded as described by first-order kinetic equations.  The model is an expression of the 
chemistry that is observed in the solution phase.  For example, for the chlorinated ethenes 
(PCE, TCE, cDCE and VC) the production of chlorinated acetylene via a β-elimination 
pathway is considered to be the dominant degradation pathway (Eykholt, 1998; Arnold and 
Roberts, 1999). However, since chlorinated acetylenes are unstable, short-lived, 
intermediates that are rapidly reduced to ethene (Roberts et al., 1996; Sivavec et al., 1997), 
these compounds are not typically detected in the solution phase and are therefore not 
explicitly contained in the degradation model.   

The equations contained in the model were developed by ETI to describe the first-order 
kinetic degradation process occurring in a granular iron groundwater treatment zone.  For 
example, PCE, TCE, cDCE and VC the model takes the form: 

fPCE3kPCE 

fPCE2kPCE 

fPCE1kPCE fTCE1kTCE fcDCEkcDCE kVCPCE TCE cDCE VC 

fTCE2kTCE 

where: f = mole fraction (or percent molar conversions) 
k = first-order rate constant 

In order to determine the VOC concentrations at a given time the following first-order 
equations are used: 

dPCE / dt = -kPCEPCE (3) 
dTCE / dt = fPCE1kPCEPCE - kTCETCE (4) 
dcDCE / dt = fPCE2kPCEPCE + fTCE1kTCETCE - kcDCEcDCE (5) 
dVC / dt = fPCE3kPCEPCE + fTCE2kTCETCE + fcDCEkcDCEcDCE - kVCVC (6) 
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These equations were adapted for the computer program Scientist® for Windows® Version 2.0 
(1995). The Scientist® program can be used to fit the first-order equations to experimental 
data using the least squares best-fit method.  Least squares fitting is performed using a 
modified Powell algorithm to find a local minimum of the sum of squared deviations between 
observed data and model calculations.  The degradation rate and molar conversion are 
determined for each compound sequentially starting with the most chlorinated compound.   

The results from the model include half-lives for all VOCs selected and statistical fit data 
including coefficient of determination (r2) values.  The r2 values indicate how well the 
degradation model represents the experimental data.  The half-lives determined from the PCE, 
TCE and 111TCA profiles are shown in Table 4, along with the corresponding r2 values. 

The steady state field temperature (22oC; 72oF) half-life values for PCE were 0.9 hours for 
CON, 2.4 hours for PL and 24.5 hours for QMP (Table 4 and Appendix B).  For TCE, the 
half-lives were 0.11 hours for CON, 0.68 hours for PL and 2.4 hours for QMP (Table 4 and 
Appendix B). The half-lives for 111TCA were 0.17 hours for CON, 0.16 hours for PL and 
0.43 hours for QMP (Table 4 and Appendix B). Table 5 summarizes the molar conversions 
determined using the degradation model for the columns. 

3.3 Inorganic Results 

Two influent and effluent samples were collected from each column as steady state 
approached.  Changes in inorganic chemical constituents observed in the influent and effluent 
groundwater are summarized in Table 6.  Appendix C contains the inorganic analytical data.   

When iron is exposed to water, several reactions occur as a result of iron corrosion: 

Fe° → Fe2+ + 2e- (5) 

This iron corrosion drives the geochemical changes that occur as groundwater flows through 
the PRB. When groundwater first contacts the granular iron, any dissolved oxygen present is 
consumed via iron corrosion: 

4Fe° + 3O2(aq) + 12H+ → 4Fe3+ + 6H2O (6) 

After the initial, rapid depletion of any dissolved oxygen, the water corrosion of iron 
dominates to produce hydrogen and hydroxide resulting in an increase in pH and decline in 
Eh: 
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Fe° + 2H2O → Fe2+ + H2(aq) + 2OH- (7) 

Figures 6 and 7 show the Eh and pH profiles observed for the CON, PL and QMP columns, 
respectively.  The redox potential (Eh) declined to from an initial value of about +500 mV to 
a value of about -500 mV in the CON and PL columns and to about –340 mV in the QMP 
column (Figure 6).  Values of pH increased from 5.8 in the influent to a maximum value of 
9.0 in the CON column and PL columns and to about 6.7 mV in the QMP column (Figure 7). 

As pH increases due to water corrosion, bicarbonate (HCO3
-) in solution converts to carbonate 

(CO3
2-) to buffer some of the pH increase: 

-HCO3 → CO3
2- + H+ (8) 

The carbonate may then combine with cations (Ca2+, Fe2+, and Mg2+) in solution to form 
carbonate mineral precipitates; mainly calcite and siderite: 

 Aragonite/Calcite: Ca2+ + CO3
2- → CaCO3(s) (9)

 Siderite: Fe2+ + CO3
2- → FeCO3(s) (10) 

All columns showed that the influent calcium concentration of 6 mg/L remained essentially 
unchanged. The alkalinity values decreased from an initial value of about 24 mg/L in all the 
columns tested.  Typically, declines in calcium and alkalinity concentrations indicate 
formation of calcium carbonate minerals (see above).  In analyses of iron obtained from 
previous laboratory studies and field sites, siderite as well as both calcite and aragonite, which 
are forms of calcium carbonate, have been identified. 

Potassium, sodium and chloride behave as conservative tracers in iron systems and as 
expected, their concentrations remained essentially unchanged within all columns.  Decreases 
in concentrations of magnesium, silicon, DOC and TOC observed in all three columns were 
expected in response to geochemical conditions created by iron corrosion.   

In general, inorganic chemistry of the site water includes very diluted concentrations of pH-
and Eh-sensitive constituents that could potentially contribute to the formation of secondary 
precipitates and as a result could affect the long-term performance of iron PRB.  Therefore, 
the geochemical composition of site water and the trends observed with the iron columns 
indicate no impediment to field implementation or the technology at this site. 
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4.0 FIELD-SCALE PRB DESIGN CONSIDERATIONS 

4.1 Residence Time Required for Treatment 

The degradation parameters obtained in the test for CON, PL and QMP irons (Table 4) have 
shown that the CON iron is the most effective iron PRB material for this site.  Therefore, the 
residence time calculation for a field PRB at the site is based on the degradation parameters 
obtained in the CON column.  The laboratory half-lives were obtained at a temperature of 
22°C (72°F). Based on site information obtained from Hull, the minimum field groundwater 
temperature is 7°C (45°F). Based on the previous research, VOC degradation half-lives 
increase by a factor of one for every 8°C temperature decrease within a temperature range of 
5 to 25°C (O’Hannesin et al., 2004).  Therefore, the laboratory half-life values were increased 
by a factor of 3 to obtain the anticipated field values (Table 7). 

The residence time calculations were performed assuming the VOC concentration values in 
the water used for the bench scale test (Table 7). The Scientist® program described in Section 
3.2 may also be used to simulate the change in VOC concentrations over time using the first-
order kinetic equations. In simulation mode, the model calculates the VOC concentrations 
over time, from which the time required for the VOCs to degrade to their regulatory criteria 
can be determined.  Based on this simulation, the residence time required to achieve the 
Federal MCL in a Connelly iron PRB at the site is 22 hours.   

4.2 Possible Mineral Precipitates 

As noted in Section 3.3, the chemical composition of the site water and the changes in water 
chemistry within the iron columns indicate that the mass fluxes of the Eh- and pH-sensitive 
constituents through an iron PRB at this site will be very low compared to other site where 
iron PRBs have been applied. Therefore, while there is little doubt that inorganic precipitates 
(mostly carbonate and oxide) will form over time in a PRB installed at the site, we suspect 
their impact will not be significant.  In other words, it is conservatively anticipated that a PRB 
at this site would be able to last at least 15 years without rehabilitation due to precipitate 
formation. Please refer to Appendix D for more detailed information on long-term 
performance data in mature iron PRBs which have operated effectively under much higher 
inorganic mass fluxes compared to those expected at this site. 

4.3 Iron Consumption 

As discussed in Section 3.3, there are many processes such as water corrosion, VOC 
degradation, dissolved oxygen reduction and sulphate reduction that may consume the iron. 
These processes are not independent of one another and also depend on site conditions such as 
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groundwater flow velocity, inorganic aqueous concentrations, VOC concentrations, biological 
activity and temperature.  All of these factors make it difficult to gauge with exact certainty 
the time required to consume the iron in a PRB. 

If water corrosion were to remain constant over time at a typical rate of 0.3 mmol/kg Fe/day, 
the iron is predicted to last for about 150 years.  However, Reardon (1995) noted declining 
hydrogen production over time at room temperature. This decline in corrosion rate was likely 
due to mineral precipitate formation on the surface of the iron over long periods of time. 
Warner et al. (2005) found that the groundwater pH at the first commercial PRB in 
Sunnyvale, CA continues to increase from a value of 7.5 in the upgradient aquifer to a value 
of about 11 in the PRB, and that dissolved hydrogen concentrations approach solubility. 
Clearly, water corrosion is still occurring at significant rates at this site after 11 years. 

Other factors such as desaturation of the iron and oxidation by atmospheric oxygen would 
also affect the lifetime of the iron.  Although there is some uncertainty in the conditions that 
may exist decades in the future, it seems reasonable to expect the iron in the PRB to last for 
many decades. 

4.4 Potential for Biofouling of Reactive Material 

There was no evidence of biofouling (sliming, etc.) observed during the bench-scale test. 
Field tests to date from other sites have not indicated significant biofouling.  Based on this 
experience, there is no reason to believe that biofouling will be an issue in a PRB at the site. 

4.5 Maintenance 

Other than groundwater monitoring, the major factor affecting maintenance costs is the 
possible need for periodic rejuvenation of iron sections affected by precipitates. 

The objective of rejuvenation of the granular iron would be to restore the permeability loss 
due to precipitates and possibly to remove the precipitate from the iron to restore any lost 
reactivity of the iron. Possible rejuvenation methods may include: 

i) Using ultrasound to break-up the precipitate; 
ii) Using pressure pulse technology to break-up the precipitate; and 
iii) Using solid-stem augers to agitate the PRB. 

To date these possible rejuvenation methods have not been needed and only ultrasound has 
been tested in limited field-scale tests to determine its effectiveness.  At this point we can only 
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state that these methods may prove to be successful in rejuvenating a PRB.  As noted above, it 
is likely that the PRB will perform for several years at the site prior to requiring rejuvenation. 
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5.0 SUMMARY 

Bench-scale testing using groundwater from the at the New Hampshire Ball Bearings site in 
Peterborough, NH, showed that: 

i) the Connelly, Peerless and QMP iron sources degraded the VOCs  present in the site 
water to below the remediation goals, but at markedly different rates; 

ii) the Connelly iron source was the most effective remedial material, with a PCE half-life 
of 0.9 hours at room temperature, compared to that of 2.4 hours and 24.5 hours for 
Peerless and QMP irons, respectively; 

iii) based on the field anticipated half-lives at a groundwater temperature of 7oC (45oF) and 
the anticipated field concentrations, a residence time of 22 hours will be required in the 
Connelly iron PRB to achieve the site remediation target levels;  

iv) redox potential (Eh) and pH trends were consistent with bench-scale tests with similar 
types of site water for all iron sources; and 

v) due to dilute water chemistry at the site, very low quantity of mineral precipitates, which 
will be mostly carbonate and oxides, will form in the PRB and should not significantly 
affect system performance for many years.   
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Table 1: Iron and Column Properties 

Iron: 

Iron Source Connelly GPM 
Chicago, IL 

Peerless Metals Powders 
and Abrasives, Inc 

Detroit, MI 

Quebec Metal 
Powders 

Sorel-Tracy, QC 
Product Name CC-1004 8/50 H2Omet 58 

Iron Grain Size -8 to +50 mesh 
(2.0 to 0.25 mm) 

-8 to +50 mesh 
(2.0 to 0.25 mm) 

-12 to +50 mesh 
(1.7 to 0.25 mm) 

Specific surface 
area (m2/g) 1.4 0.8 ND 

Iron Hydraulic 
Conductivity 

4.0 x 10–2 cm/sec 
(113 ft/day) 

5 x 10–2 cm/sec 
(142 ft/day) 

4.6 x 10–2 cm/sec 
(130 ft/day) 

Column: 

Flow Velocity 1.45 ft/day 
(44 cm/day) 

1.58 ft/day 
(48 cm/day) 

1.54 ft/day 
(47 cm/day) 

Residence Time 27.2 hrs 24.9 25.6 

Pore Volume 342 mL 349 mL 353 mL 

Porosity 0.60 0.62 0.62 

Bulk Density 2.81 g/cm3 

(175 lb/ft3) 
2.87 g/cm3 

(179 lb/ft3) 
2.97 g/cm3 

(185 lb/ft3) 

Iron to Volume 
of Solution Ratio 4.7 g : 1 mL 4.7 g : 1 mL 4.8 g : 1 mL 

Surface Area to 
Solution Ratio 8.5 m2 : 1 mL 3.8 m2 : 1 mL ND 

ND = Not Determined 
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Table 2: VOC Concentrations from well MW-9U used for the bench-scale test. 

Compound 
Expected Concentrations From 

MW 9U (4-15-08) 
(µg/L) 

Concentration of Groundwater 
Received for Treatability Study 

(µg/L) 
PCE 77.9 65 (~1,000)* 
TCE 28.8 27 
cDCE 4.5 5.6 
11DCE 2.6 4.1 
VC <1 nd 
111TCA 36.6 28 
11DCA 2.5 na 

na – not analyzed 
nd – not detected 
* PCE concentration was spiked to about 1,000 µg/L 
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Table 3: Method Detection Limits (MDL) and Reported Detection Limits (RDL) 

Organic Compounds: MDL (µg/L) 
Tetrachloroehtene (PCE) 0.3 
Trichloroethene (TCE) 0.2 
1,1,1-Trichloroethane (111TCA) 0.4 
Cis 1,2-dichloroethene (cDCE) 0.7 
Trans 1,2-dichloroethene (tDCE) 0.6 
1,1-Dichloroethene (11DCE) 0.6 
1,1-Dichloroethane (1,1-DCA) 10 
Vinyl chloride (VC) 0.6 

Inorganic Compounds: RDL (mg/L) 
Barium (Ba) 0.05 
Calcium (Ca) 0.2 
Iron (Fe) 0.1 
Magnesium (Mg) 0.05 
Manganese (Mn) 0.002 
Potassium (K) 0.2 
Silicon (Si) 0.05 
Sodium (Na) 0.1 
Strontium (Sr) 0.001 
Chloride (Cl-) 1 [0.5 a] 
Nitrate (as N) (NO3) 0.1 [0.5 a] 
Sulphate (SO4) 1 [0.6 a] 
Alkalinity (mg CaCO3/L) 1 
Ammonia, Total (as N) (NH3

+) 0.05 
Dissolved Organic Carbon (DOC) 0.1 
Total Organic Carbon (TOC) 0.1 
Total Dissolved Solids (TDS) 1 

a Detection limit for samples analyzed at the UW Laboratory 
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Table 4: Bench-Scale Test Half-Life at Steady State at a Test Temperature of 22oC 

Volatile Organic 
Compound 

Influent 
Concentration 

(µg/L) 

Half-Life at Temperature 
22oC (72oF) 

(hr) 

Coefficient of 
Determination 

(r2) 

CON 

PCE 1,346 0.89 0.997 

TCE 21 0.11 0.999 

111TCA 29 0.17 1.000 

PL 

PCE 1,315 2.4 0.977 

TCE 20 0.68 0.847 

111TCA 26 0.16 1.000 

QMP 

PCE 1,316 24.5 0.315 
TCE 21 2.4 0.717 
111TCA 27 0.43 0.999 
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Table 5: Molar Conversions to Lesser Chlorinated Compounds 

Connelly Iron 
To: 

TCE cDCE tDCE 11DCE VC 

Fr
om

: 

PCE 46 0 0 0 0 
TCE 0 0 0 0 
cDCE 0 
tDCE 0 

11DCE 0 
Peerless Iron 

To: 
TCE cDCE tDCE 11DCE VC 

Fr
om

: 

PCE 26 0 0 0 0 
TCE 0 0 0 0 
cDCE 0 
tDCE 0 

11DCE 0 
QMP Iron 

To: 
TCE cDCE tDCE 11DCE VC 

Fr
om

: 

PCE 30 0 0 0 0 
TCE 0 0 0 0 
cDCE 0 
tDCE 0 

11DCE 0 
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Table 6: Major Influent and Effluent Inorganic Chemistry at Steady State 
Obtained From a Commercial Laboratory 

Parameter 
Concentration (mg/L) 

Influent 
Effluent 

CON a PL b QMP c 

Barium nd 
nd 

0.11 
0.11 

0.24 
0.25 

nd 
nd 

Calcium 5.7 
6.0 

5.1 
5.8 

6.7 
6.7 

5.3 
5.7 

Iron nd 
nd 

nd 
nd 

nd 
nd 

nd 
nd 

Magnesium 1.2 
1.3 

0.39 
0.30 

0.79 
0.93 

1.1 
1.2 

Manganese nd 
nd 

0.007 
0.004 

0.003 
0.003 

0.030 
0.012 

Potassium 1.3 
1.4 

1.4 
1.6 

1.3 
1.5 

1.3 
1.4 

Silicon 5.2 
5.5 

0.27 
0.34 

0.46 
0.59 

0.94 
0.85 

Sodium 9.8 
11 

10 
10 

9.8 
10 

9.6 
11 

Strontium 0.05 
0.05 

0.05 
0.05 

0.05 
0.05 

0.04 
0.04 

Chloride 13 
14 

14 
15 

14 
14 

14 
14 

Nitrate (as N) nd 
nd 

nd 
nd 

nd 
nd 

nd 
nd 

Sulphate 5 
6 

10 
10 

10 
6 

10 
6 

Alkalinity 
(mg CaCO3/L)  

24 
15 

7 
5 

29 
16 

16 
14 

Ammonia (as N)  nd 
nd 

0.1 
0.12 

0.12 
0.1 

nd 
nd 

Dissolved Organic 
Carbon (DOC) 

1.8 
1.9 

0.7 
0.7 

0.6 
0.6 

1.0 
1.1 

Total Organic 
Carbon (TOC) 

2.0 
2.2 

0.7 
0.7 

0.6 
0.6 

1.1 
1.1 

Total Dissolved 
Solids (TDS) 

62 
60 

46 
48 

56 
51 

48 
48 

nd - not detected 
a - effluent samples collected at 34 PV and  39 PV for CON 
b - effluent samples collected at 38 PV and   44 PV for PL 
c - effluent samples collected at 37 PV and 42 PV for QMP 
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Table 7: Residence Time Calculation for the Proposed PRB for Connelly Iron. 

VOC 
Anticipated Field 
Concentration a 

(µg/L) 

Target 
Level 
(µg/L) 

Field 
Half-Life b 

(hrs) 

Design Residence 
Time 
(hr) 

PCE 1,300 5 2.7 

22TCE 25 5 0.3 

111TCA 30 200 0.5 

a Influent concentrations used in the column test 
b Field half-lives corrected to a temperature of 7oC (45oF) 
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Effluent 
Sampling Port 

Effluent 
Reservoir 

Column 

Pump 

Sampling 
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Influent 
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Reactive 
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Figure 1: Schematic of the apparatus used in the bench-scale test. 
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Figure 2: Photograph of granular iron columns. 
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Figure 3: 	 PCE concentration profiles versus residence time along the Connelly, 
Peerless and QMP test columns.  The dotted line represents the least 
squares best fit of the first-order kinetic model to the data. 
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Figure 4: 	 TCE concentration profiles versus residence time along the Connelly, 
Peerless and QMP test columns.  The dotted line represents the least 
squares best fit of the first-order kinetic model to the data. 
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Figure 5: 	 111TCA concentration profiles versus residence time along the Connelly, 
Peerless and QMP test columns.  The dotted line represents the least 
squares best fit of the first-order kinetic model to the data. 
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Figure 6: Redox potential (Eh) profiles versus residence time along the Connelly, 
Peerless and QMP columns. 
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Figure 8: 	 pH profiles versus residence time along the Connelly, Peerless and QMP 
columns. 
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Grain Size Distribution Curve 

ETI Sample Number: 20 
Date of Grain Size Analysis: July 7/2008 
Iron Type: QMP H2Omet58 (Lot #24966) 
Date Sample Received: 1-Apr-08 

US Sieve Wt Retained Percent Percent
 
Mesh # mm On sieve Passing
 

(grams)  (  %  ) (  % )
 
100 

4 4.750 0.00 0.00 100.00 
10 2.000 1.74 1.73 98.27 
18 1.000 24.50 24.40 73.87 
35 0.500 53.29 53.08 20.79 
50 0.300 18.58 18.50 2.28 
80 0.180 0.80 0.79 1.49 
100 0.150 0.29 0.29 1.20 
140 0.106 0.35 0.34 0.86 
200 0.075 0.30 0.30 0.56 
270 0.053 0.25 0.25 0.31 
400 0.038 0.20 0.19 0.11 
500 0.025 0.08 0.08 0.03 

<500 <0.025 0.04 0.03 0.00 
100.38 100.00 

Total Wt Total % 

Grain Size Distribution Curve for QMP H2Omet58 Iron (ETI#20) 
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Grain Size Distribution Curve 

ETI Sample Number: 17 
Date of Grain Size Analysis: Feb. 5/2008 
Iron Type: Peerless Cast Iron Aggregate Size 8/50 100# Sample 
Date Sample Received: Jan. 24/2008 

US Sieve Wt Retained Percent Percent
 
Mesh # mm On sieve Passing
 

(grams)  (  %  ) (  % )
 
100 

4 4.750 0.00 0.00 100.00 
10 2.000 0.27 0.27 99.73 
18 1.000 4.78 4.79 94.94 
35 0.500 37.49 37.57 57.37 
50 0.300 20.35 20.39 36.98 
80 0.180 11.73 11.75 25.23
 
100 0.150 15.17 15.20 10.02
 
140 0.106 9.04 9.06 0.96
 
200 0.075 0.73 0.73 0.23
 
270 0.053 0.18 0.18 0.05
 
400 0.038 0.03 0.03 0.03
 
500 0.025 0.02 0.02 0.01
 

<500 <0.025 0.01 0.01 0.00 
99.77 100.00 

Total Wt Total % 

Grain Size Distribution Curve for Peerless 8/50 Iron (ETI#17) 
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Grain Size Distribution Curve 

ETI Sample Number: 18 
Date of Grain Size Analysis: Feb. 5/2008 
Iron Type: Connelly Sample Iron Aggregate ETI CC-1004 
Date Sample Received: Jan. 25/2008 

US Sieve Wt Retained Percent Percent
 
Mesh # mm On sieve Passing
 

(grams)  (  %  ) (  % )
 
100 

4 4.750 0.00 0.00 100.00 
10 2.000 2.81 2.82 97.18 
18 1.000 15.14 15.18 82.00 
35 0.500 43.10 43.22 38.79 
50 0.300 32.57 32.66 6.13 
80 0.180 5.09 5.10 1.03
 
100 0.150 0.66 0.66 0.37
 
140 0.106 0.14 0.14 0.23
 
200 0.075 0.10 0.10 0.13
 
270 0.053 0.04 0.04 0.09
 
400 0.038 0.04 0.04 0.06
 
500 0.025 0.02 0.02 0.04
 

<500 <0.025 0.04 0.04 0.00 
99.72 100.00 

Total Wt Total % 

Grain Size Distribution Curve for Connelly (CC-1004) Iron (ETI#18) 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

0.01 0.10 1.00 10.00 

Grain Diameter ( mm ) 

Pe
rc

en
t P

as
si

ng
 



 

 

 

 
 

 

 
 

 

envirometal 
technologies
inc. 

32580.10 


Appendix B 

Laboratory Organic Analyses for Bench-Scale Testing 

Involving the Granular Iron Technology 


http:32580.10


 

                                                                                                   

 

                                                                                                                                                                                                                            

The Adventus Group 

Treatability Test 
HULL 32580 
Apr-08 

Column Identification: 
Column Composition: 
Pore Volume (PV): 
Porosity: 
Column Length: 
Column Diameter: 
Flow Velocity: 
Test Temperature: 

ETI#1023 
100% QMP H2Omet58 
353.2 mL 

0.62 
1.6 ft (50 cm) 
1.5 in (3.8 cm) 
1.54 ft/day (47 cm/day) 
22oC (72oF) 

Column Distance (cm) 
Column Distance (ft) 
Residence Time (hr) 

0.0 
0.0 
0.0 

2.5 
0.08 

1.3 

5 
0.16 

2.6 

10 
0.33 

5.1 

15 
0.49 

7.7 

20 
0.66 
10.2 

30 
0.98 
15.3 

40 
1.31 
20.5 

50 
1.64 
25.6 

PCE ( µg/L ) 
PV 

12.8 
19.5 
25.2 
31.9 
38.4 
45.3 

RN 

a 
b 
b 
c 
d 
e 

Influent 

786 
1125 
1117 
1065 
1152 
1316 

685 
881 
800 
959 
965 
953 

Concentration 

634 661 710 
865 881 858 
609 576 615 
972 1009 948 
961 872 876 
967 795 761 

649 
792 
543 
887 
774 
954 

550 
681 
478 
792 
680 
826 

443 
608 
374 
626 
610 
745 

Effluent 

398 
501 
310 
508 
501 
680 

HL 

28.9 
23.8 
24.5 

r2 

0.908 
0.952 
0.315 

TCE ( µg/L ) 
12.8 
19.5 
25.2 
31.9 
38.4 
45.3 

a 
b 
b 
c 
d 
e 

19 
23 
22 
20 
24 
21 

22 
24 
28 
25 
27 
26 

24 
25 
28 
26 
26 
28 

25 
26 
31 
29 
25 
27 

27 
25 
25 
26 
25 
26 

22 
23 
15 
24 
20 
28 

14 
17 

8.0 
18 
15 
19 

8.5 
13 

6.5 
12 
11 
14 

5.1 
5.8 
3.1 
6.0 
5.2 
7.7 

2.8 
2.2 
2.4 

0.610 
0.789 
0.717 

1,1,1-TCA ( µg/L ) 
12.8 
19.5 
25.2 
31.9 
38.4 
45.3 

a 
b 
b 
c 
d 
e 

26 
25 
27 
24 
27 
27 

5.1 
nd 
nd 
nd 
nd 

3.5 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

0.16 
0.16 
0.43 

1.000 
1.000 
0.999 

cDCE ( µg/L ) 
12.8 
19.5 
25.2 
31.9 
38.4 
45.3 

a 
b 
b 
c 
d 
e 

5.9 
5.6 
4.3 
5.0 
5.2 
3.8 

7.0 
nd 
nd 

6.0 
5.5 
4.7 

6.8 
nd 
nd 

5.9 
5.8 
4.5 

6.4 
1.7 
nd 

5.6 
4.0 
4.2 

5.7 
nd 
nd 

5.3 
nd 
nd 

4.9 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

tCDE ( µg/L ) 
12.8 
19.5 
25.2 
31.9 
38.4 
45.3 

a 
b 
b 
c 
d 
e 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 

2.1 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 



                                                                                                   

                                                                                                                                                                                                                            

The Adventus Group 

Treatability Test 
HULL 32580 
Apr-08 

Column Identification: 
Column Composition: 
Pore Volume (PV): 
Porosity: 
Column Length: 
Column Diameter: 
Flow Velocity: 
Test Temperature: 

ETI#1023 
100% QMP H2Omet58 
353.2 mL 

0.62 
1.6 ft (50 cm) 
1.5 in (3.8 cm) 
1.54 ft/day (47 cm/day) 
22oC (72oF) 

Column Distance (cm) 
Column Distance (ft) 
Residence Time (hr) 

0.0 
0.0 
0.0 

2.5 
0.08 

1.3 

5 
0.16 

2.6 

10 
0.33 

5.1 

15 
0.49 

7.7 

20 
0.66 
10.2 

30 
0.98 
15.3 

40 
1.31 
20.5 

50 
1.64 
25.6 

PV 
11DCE ( µg/L ) 

12.8 
19.5 
25.2 
31.9 
38.4 
45.3 

RN 

a 
b 
b 
c 
d 
e 

Influent 

3.4 
3.6 
3.0 
3.4 
3.7 
2.9 

nd 
nd 
nd 
nd 
nd 
nd 

Concentration 

nd nd 
nd nd 
nd nd 
nd nd 
nd nd 
nd nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

Effluent 

nd 
nd 
nd 
nd 
nd 
nd 

HL r2 

11DCA ( µg/L ) 
31.9 
38.4 

c 
d 

nd 
nd 

nd 
nd 

nd 
nd 

nd 
nd 

nd 
nd 

nd 
nd 

nd 
nd 

nd 
nd 

nd 
nd 

VC ( µg/L ) 
12.8 
19.5 
25.2 
31.9 
38.4 
45.3 

a 
b 
b 
c 
d 
e 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

Nitrate (as N) mg/L 
36.4 
43.2 

d 
e 

nd 
nd 

nd 
nd 

nd 
nd 

nd 
nd 

nd 
nd 

nd 
nd 

nd 
nd 

nd 
nd 

nd 
nd 

Chloride (mg/L) 
36.4 
43.2 

d 
e 

13.2 
13.5 

13.8 
13.9 

13.7 
13.7 

13.5 
14.4 

13.6 
14.4 

13.6 
13.8 

13.7 
14.0 

14.0 
14.1 

14.1 
13.9 

Sulphate (mg/L) 
36.4 
43.2 

d 
e 

5.7 
6.5 

6.0 
6.7 

6.6 
6.6 

6.6 
6.8 

5.6 
6.4 

5.6 
7.0 

5.9 
6.6 

5.7 
6.1 

5.5 
6.3 

pH Values 
10.6 
17.5 
25.0 
29.9 
36.4 
43.2 

a 
b 
b 
c 
d 
e 

6.6 
5.8 
6.3 
5.8 
6.4 
5.8 

7.2 
6.6 
6.8 
6.5 
6.6 
6.4 

7.1 
6.7 
6.8 
6.5 
6.7 
6.5 

7.1 
6.6 
6.7 
6.5 
7.1 
6.2 

7.0 
6.7 
6.7 
6.4 
6.8 
6.4 

7.1 
6.6 
6.6 
6.5 
6.6 
6.3 

7.1 
6.6 
6.7 
6.5 
6.6 
6.7 

7.1 
6.6 
6.7 
6.5 
6.5 
6.3 

7.0 
6.6 
6.5 
6.5 
6.6 
6.3 



                                                                                                   

                                                                                                                                                                                                                            

The Adventus Group 

Treatability Test 
HULL 32580 
Apr-08 

Column Distance (cm) 
Column Distance (ft) 
Residence Time (hr) 

PV RN 
Eh (mV) 

10.6 a 
17.5 b 
25.0 b 
29.9 c 
36.4 d 
43.2 e 

PV = pore volume 
RN = reservoir number 
HL = half life (hours) 
r2 = coefficient of determination 
nd = not detected 
na = not applicable 
NS = not sampled 

Column Identification: ETI#1023 
Column Composition: 100% QMP H2Omet58 
Pore Volume (PV): 353.2 mL 
Porosity: 0.62 
Column Length: 1.6 ft (50 cm) 
Column Diameter: 1.5 in (3.8 cm) 
Flow Velocity: 1.54 ft/day (47 cm/day) 
Test Temperature: 22oC (72oF) 

0.0 2.5 5 10 15 20 30 40 
0.0 0.08 0.16 0.33 0.49 0.66 0.98 1.31 
0.0 1.3 2.6 5.1 7.7 10.2 15.3 20.5 

Influent Concentration 

548 260 82 -324 -373 -382 -399 -379 
556 -224 -325 -339 -359 -340 -370 -346 
507 156 -2 -290 -320 -352 -351 -341 
459 133 -95 -130 -307 -308 -353 -326 
459 104 73 -320 -362 -308 -261 -272 
503 168 -68 -314 -320 -296 -339 -339 

50 
1.64 
25.6 

Effluent 

-373 
-357 
-260 
-339 
-318 
-311 

HL r2 



 

                                                                                                   

 

                                                                                                                                                                                                                            

The Adventus Group 

Treatability Test 
HULL 32580 
Apr-08 

Column Identification: 
Column Composition: 
Pore Volume (PV): 
Porosity: 
Column Length: 
Column Diameter: 
Flow Velocity: 
Test Temperature: 

ETI#1022 
100% Peerless 8/50 
348.7 mL 
0.62 
1.6 ft (50 cm) 
1.5 in (3.8 cm) 
1.58 ft/day (48 cm/day) 
22oC (72oF) 

Column Distance (cm) 
Column Distance (ft) 
Residence Time (hr) 

0.0 
0.0 
0.0 

2.5 
0.08 

1.2 

5 
0.16 

2.5 

10 
0.33 

5.0 

15 
0.49 

7.5 

20 
0.66 
10.0 

30 
0.98 
15.0 

40 
1.31 
19.9 

50 
1.64 
24.9 

PCE ( µg/L ) 
PV 

12.7 
19.2 
25.7 
32.5 
39.3 
46.3 

RN 

a 
b 
b 
c 
d 
e 

Influent 

847 
1099 
1089 
1038 
1090 
1315 

472 
595 
717 
859 
836 
920 

Concentration 

172 1.0 
349 nd 
535 46 
661 158 
756 348 
762 358 

nd 
nd 
nd 
nd 

3.8 
49 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

Effluent 

nd 
nd 
nd 
nd 
nd 
nd 

HL 

2.4 
2.7 
2.4 

r2 

0.949 
0.941 
0.977 

TCE ( µg/L ) 
12.7 
19.2 
25.7 
32.5 
39.3 
46.3 

a 
b 
b 
c 
d 
e 

20 
22 
21 
19 
23 
20 

33 
41 
46 
42 
41 
41 

29 
38 
50 
46 
46 
44 

nd 
nd 
16 
25 
39 
36 

nd 
nd 
nd 
nd 

3.9 
13 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

0.72 
0.82 
0.68 

0.882 
0.820 
0.847 

1,1,1-TCA ( µg/L ) 
12.7 
19.2 
25.7 
32.5 
39.3 
46.3 

a 
b 
b 
c 
d 
e 

28 
25 
26 
23 
27 
26 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

0.16 
0.16 
0.16 

1.000 
1.000 
1.000 

cDCE ( µg/L ) 
12.7 
19.2 
25.7 
32.5 
39.3 
46.3 

a 
b 
b 
c 
d 
e 

5.6 
5.0 
4.8 
4.9 
5.4 
3.6 

8.8 
8.3 
6.4 
6.4 
5.8 
4.6 

11 
11 

7.8 
7.9 
7.6 
5.9 

3.2 
6.4 
7.9 
8.7 
8.8 
7.6 

nd 
nd 

2.4 
4.4 
6.0 
5.8 

nd 
nd 
nd 
nd 

2.5 
3.1 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

tCDE ( µg/L ) 
12.7 
19.2 
25.7 
32.5 
39.3 
46.3 

a 
b 
b 
c 
d 
e 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 



                                                                                                   

                                                                                                                                                                                                                            

The Adventus Group 

Treatability Test 
HULL 32580 
Apr-08 

Column Identification: 
Column Composition: 
Pore Volume (PV): 
Porosity: 
Column Length: 
Column Diameter: 
Flow Velocity: 
Test Temperature: 

ETI#1022 
100% Peerless 8/50 
348.7 mL 
0.62 
1.6 ft (50 cm) 
1.5 in (3.8 cm) 
1.58 ft/day (48 cm/day) 
22oC (72oF) 

Column Distance (cm) 
Column Distance (ft) 
Residence Time (hr) 

0.0 
0.0 
0.0 

2.5 
0.08 

1.2 

5 
0.16 

2.5 

10 
0.33 

5.0 

15 
0.49 

7.5 

20 
0.66 
10.0 

30 
0.98 
15.0 

40 
1.31 
19.9 

50 
1.64 
24.9 

PV 
11DCE ( µg/L ) 

12.7 
19.2 
25.7 
32.5 
39.3 
46.3 

RN 

a 
b 
b 
c 
d 
e 

Influent 

3.8 
3.7 
3.3 
3.5 
3.7 
nd 

3.1 
nd 
nd 
nd 
nd 
nd 

Concentration 

nd nd 
2.6 nd 
nd nd 
nd nd 
nd nd 
nd nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

Effluent 

nd 
nd 
nd 
nd 
nd 
nd 

HL r2 

11DCA ( µg/L ) 
32.5 
39.3 

c 
d 

nd 
nd 

nd 
nd 

nd 
nd 

nd 
nd 

nd 
nd 

nd 
nd 

nd 
nd 

nd 
nd 

nd 
nd 

VC ( µg/L ) 
12.7 
19.2 
25.7 
32.5 
39.3 
46.3 

a 
b 
b 
c 
d 
e 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

Nitrate (as N) mg/L 
37.2 
44.2 

d 
e 

nd 
nd 

nd 
nd 

nd 
nd 

nd 
nd 

nd 
nd 

nd 
nd 

nd 
nd 

nd 
nd 

nd 
nd 

Chloride (mg/L) 
37.2 
44.2 

d 
e 

13 
13.6 

14 
14.2 

14 
13.9 

14 
13.5 

14 
14.4 

14 
14.1 

14 
15.0 

16 
14.5 

14 
13.8 

Sulphate (mg/L) 
37.2 
44.2 

d 
e 

5.2 
6.5 

5.6 
6.4 

5.7 
5.9 

5.3 
6.0 

5.4 
5.9 

5.4 
5.9 

5.1 
5.8 

5.1 
5.6 

4.8 
5.2 

pH Values 
10.6 
17.6 
24.7 
30.4 
37.2 
44.2 

a 
b 
b 
c 
d 
e 

6.6 
5.8 
6.4 
5.8 
5.9 
5.8 

7.1 
6.5 
6.9 
6.5 
6.6 
6.4 

7.2 
6.4 
7.1 
6.7 
6.7 
6.5 

8.0 
6.6 
7.2 
6.9 
6.9 
6.5 

8.4 
7.7 
8.6 
8.0 
7.2 
7.0 

8.8 
8.3 
8.3 
7.9 
7.5 
6.8 

9.5 
9.4 
9.3 
8.6 
8.8 
8.5 

9.4 
9.6 
9.4 
9.0 
9.0 
8.9 

9.6 
9.7 
9.5 
9.0 
9.2 
8.9 



                                                                                                   

                                                                                                                                                                                                                            

The Adventus Group 

Treatability Test 
HULL 32580 
Apr-08 

Column Distance (cm) 
Column Distance (ft) 
Residence Time (hr) 

PV RN 
Eh (mV) 

10.6 a 
17.6 b 
24.7 b 
30.4 c 
37.2 d 
44.2 e 

PV = pore volume 
RN = reservoir number 
HL = half life (hours) 
r2 = coefficient of determination 
nd = not detected 
na = not applicable 
NS = not sampled 

Column Identification: ETI#1022 
Column Composition: 100% Peerless 8/50 
Pore Volume (PV): 348.7 mL 
Porosity: 0.62 
Column Length: 1.6 ft (50 cm) 
Column Diameter: 1.5 in (3.8 cm) 
Flow Velocity: 1.58 ft/day (48 cm/day) 
Test Temperature: 22oC (72oF) 

0.0 2.5 5 10 15 20 30 40 
0.0 0.08 0.16 0.33 0.49 0.66 0.98 1.31 
0.0 1.2 2.5 5.0 7.5 10.0 15.0 19.9 

Influent Concentration 

551 -387 -401 -445 -493 -520 -563 -558 
573 -355 -358 -388 -434 -497 -543 -562 
500 -332 -318 -357 -401 -264 -502 -493 
458 -318 -343 -373 -452 -463 -526 -550 
453 -304 -308 -385 -360 -383 -481 -406 
500 -304 -343 -395 -419 -417 -515 -539 

50 
1.64 
24.9 

Effluent 

-562 
-594 
-555 
-541 
-470 
-510 

HL r2 



 

                                                                                                   

 

                                                                                                                                                                                                                            

The Adventus Group 

Treatability Test 
HULL 32580 
Apr-08 

Column Identification: 
Column Composition: 
Pore Volume (PV): 
Porosity: 
Column Length: 
Column Diameter: 
Flow Velocity: 
Test Temperature: 

ETI#1021 
100% Connelly CC-1004 
341.8 mL 

0.60 
1.6 ft (50 cm) 
1.5 in (3.8 cm) 
1.45 ft/day (44 cm/day) 
22oC (72oF) 

Column Distance (cm) 
Column Distance (ft) 
Residence Time (hr) 

0.0 
0.0 
0.0 

2.5 
0.08 

1.4 

5 
0.16 

2.7 

10 
0.33 

5.4 

15 
0.49 

8.1 

20 
0.66 
10.9 

30 
0.98 
16.3 

40 
1.31 
21.7 

50 
1.64 
27.2 

PCE ( µg/L ) 
PV 

9.9 
16.6 
21.6 
28.8 
35.2 
42.3 

RN 

a 
b 
b 
c 
d 
e 

Influent 

823 
1095 
1062 
1056 
1173 
1346 

70 
248 
328 
433 
540 
500 

Concentration 

1.0 nd 
2.7 nd 
11 nd 
52 nd 

111 nd 
124 nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

Effluent 

nd 
nd 
nd 
nd 
nd 
nd 

HL 

0.92 
1.02 
0.89 

r2 

0.986 
0.988 
0.997 

TCE ( µg/L ) 
9.9 
16.6 
21.6 
28.8 
35.2 
42.3 

a 
b 
b 
c 
d 
e 

20 
23 
22 
20 
25 
21 

7.5 
17 
20 
19 
22 
20 

nd 
nd 
nd 

2.9 
5.0 
4.8 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

0.10 
0.11 
0.11 

0.961 
0.970 
0.999 

1,1,1-TCA ( µg/L ) 
9.9  
16.6 
21.6 
28.8 
35.2 

a 
b 
b 
c 
d 

28  
25 
27 
24 
29 

nd  
nd 
nd 
nd 
nd 

nd  
nd 
nd 
nd 
nd 

nd  
nd 
nd 
nd 
nd 

nd  
nd 
nd 
nd 
nd 

nd  
nd 
nd 
nd 
nd 

nd  
nd 
nd 
nd 
nd 

nd  
nd 
nd 
nd 
nd 

nd  
nd 
nd 
nd 
nd 

0.17 
0.16 
0.17 

1.000 
1.000 
1.000 

cDCE ( µg/L ) 
9.9 
16.6 
21.6 
28.8 
35.2 
42.3 

a 
b 
b 
c 
d 
e 

6.2 
5.0 
4.5 
5.6 
5.8 
4.1 

5.0 
5.6 
4.5 
4.1 
4.0 
3.5 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

0.22 
0.20 
0.20 

0.894 
0.880 
0.857 

tCDE ( µg/L ) 
9.9  
16.6 
21.6 
28.8 
35.2 
42.3 

a 
b 
b 
c 
d 
e 

nd  
nd 
nd 
nd 
nd 
nd 

nd  
nd 
nd 
nd 
nd 
nd 

nd  
nd 
nd 
nd 
nd 
nd 

nd  
nd 
nd 
nd 
nd 
nd 

nd  
nd 
nd 
nd 
nd 
nd 

nd  
nd 
nd 
nd 
nd 
nd 

nd  
nd 
nd 
nd 
nd 
nd 

nd  
nd 
nd 
nd 
nd 
nd 

nd  
nd 
nd 
nd 
nd 
nd 



                                                                                                   

                                                                                                                                                                                                                            

The Adventus Group 

Treatability Test 
HULL 32580 
Apr-08 

Column Identification: 
Column Composition: 
Pore Volume (PV): 
Porosity: 
Column Length: 
Column Diameter: 
Flow Velocity: 
Test Temperature: 

ETI#1021 
100% Connelly CC-1004 
341.8 mL 

0.60 
1.6 ft (50 cm) 
1.5 in (3.8 cm) 
1.45 ft/day (44 cm/day) 
22oC (72oF) 

Column Distance (cm) 
Column Distance (ft) 
Residence Time (hr) 

0.0 
0.0 
0.0 

2.5 
0.08 

1.4 

5 
0.16 

2.7 

10 
0.33 

5.4 

15 
0.49 

8.1 

20 
0.66 
10.9 

30 
0.98 
16.3 

40 
1.31 
21.7 

50 
1.64 
27.2 

PV 
11DCE ( µg/L ) 

9.9 
16.6 
21.6 
28.8 
35.2 
42.3 

RN 

a 
b 
b 
c 
d 
e 

Influent 

3.5 
3.7 
3.2 
4.1 
4.1 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

Concentration 

nd nd 
nd nd 
nd nd 
nd nd 
nd nd 
nd nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 

Effluent 

nd 
nd 
nd 
nd 
nd 
nd 

HL r2 

11DCA ( µg/L ) 
28.8 
35.2 

c 
d 

nd 
nd 

nd 
nd 

nd 
nd 

nd 
nd 

nd 
nd 

nd 
nd 

nd 
nd 

nd 
nd 

nd 
nd 

VC ( µg/L ) 
9.9  
16.6 
21.6 
28.8 
35.2 
42.3 

a 
b 
b 
c 
d 
e 

nd  
nd 
nd 
nd 
nd 
nd 

nd  
nd 
nd 
nd 
nd 
nd 

nd  
nd 
nd 
nd 
nd 
nd 

nd  
nd 
nd 
nd 
nd 
nd 

nd  
nd 
nd 
nd 
nd 
nd 

nd  
nd 
nd 
nd 
nd 
nd 

nd  
nd 
nd 
nd 
nd 
nd 

nd  
nd 
nd 
nd 
nd 
nd 

nd  
nd 
nd 
nd 
nd 
nd 

Nitrate (as N) mg/L 
33.0 
40.2 

d 
e 

nd 
0.4 

nd 
nd 

nd 
nd 

nd 
nd 

nd 
nd 

nd 
nd 

nd 
0.3 

nd 
0.2 

nd 
nd 

Chloride (mg/L) 
33.0 
40.2 

d 
e 

13.2 
16.6 

13.4 
13.9 

14.2 
14.6 

14.1 
14.3 

14.1 
14.3 

14.5 
15.9 

14.9 
14.8 

15.8 
15.2 

15.0 
15.2 

Sulphate (mg/L) 
33.0 
40.2 

d 
e 

5.3 
6.3 

5.5 
7.5 

6.0 
6.6 

6.0 
5.8 

5.5 
5.3 

6.0 
6.0 

8.3 
5.7 

10.5 
8.6 

9.9 
9.1 

pH Values 
7.8 
14.5 
20.6 
26.6 
33.0 
40.2 

a 
b 
b 
c 
d 
e 

6.6 
5.8 
6.3 
5.9 
6.0 
5.8 

7.0 
6.4 
6.8 
6.6 
6.7 
6.4 

8.1 
6.6 
7.0 
6.4 
6.8 
6.4 

8.3 
9.1 
9.1 
8.6 
8.4 
6.9 

8.6 
9.1 
9.6 
9.2 
9.2 
8.7 

8.6 
8.9 
9.4 
9.1 
9.2 
9.1 

8.3 
8.7 
9.3 
8.6 
9.2 
9.3 

8.7 
8.8 
9.2 
8.5 
9.0 
9.0 

8.5 
8.5 
8.8 
8.5 
7.9 
8.5 



                                                                                                   

                                                                                                                                                                                                                            

The Adventus Group 

Treatability Test 
HULL 32580 
Apr-08 

Column Distance (cm) 
Column Distance (ft) 
Residence Time (hr) 

PV RN 
Eh (mV) 

7.8 a 
14.5 b 
20.6 b 
26.6 c 
33.0 d 
40.2 e 

PV = pore volume 
RN = reservoir number 
HL = half life (hours) 
r2 = coefficient of determination 
nd = not detected 
na = not applicable 
NS = not sampled 

Column Identification: ETI#1021 
Column Composition: 100% Connelly CC-1004 
Pore Volume (PV): 341.8 mL 
Porosity: 0.60 
Column Length: 1.6 ft (50 cm) 
Column Diameter: 1.5 in (3.8 cm) 
Flow Velocity: 1.45 ft/day (44 cm/day) 
Test Temperature: 22oC (72oF) 

0.0 2.5 5 10 15 20 30 40 
0.0 0.08 0.16 0.33 0.49 0.66 0.98 1.31 
0.0 1.4 2.7 5.4 8.1 10.9 16.3 21.7 

Influent Concentration 

551 -377 -428 45 150 160 124 -145 
586 -340 -355 -406 -123 31 -156 -299 
511 -316 -344 -500 -459 -439 -432 -506 
433 -322 -331 -478 -522 -376 -531 -521 
488 -277 -324 -350 -372 -307 -524 -395 
498 -318 -340 -305 -506 -503 -553 -541 

50 
1.64 
27.2 

Effluent 

-411 
-356 
-139 
-456 
-347 
-504 

HL r2 



 

 
 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

envirometal 
technologies
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Appendix C 

Laboratory Inorganic Analyses for Bench-Scale Testing 

Involving the Granular Iron Technology 
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envirometal 
technologies
inc. 

Sampling log 
1st Inorganic sampling: 
CON Eff. (34 PV) 46447 

PL Eff. (38 PV) 46448 

QMP Eff. (37 PV) 46449 

Influent   46450 


2nd Inorganic sampling: 
CON Eff. (39 PV) 46463 

PL Eff. (44 PV) 46464 

QMP Eff. (42  PV) 46465 

Influent   46466
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Your Project #: 3000R-23-32580.10 
Your C.O.C. #: NA 

Attention: Eva Dmitrovic 
Adventus Remediation Technologies Inc
 
1345 Fewster Dr
 
Mississauga, ON
 
L4W 2A5
 

Report Date: 2008/06/11 

CERTIFICATE OF ANALYSIS 

MAXXAM JOB #: A857833 
Received: 2008/06/04, 17:29 

Sample Matrix: Water 
# Samples Received: 4 

Date Date Method 
Analyses Quantity Extracted Analyzed Laboratory Method Reference 
Alkalinity 2 N/A 2008/06/08 CAM SOP-00448 SM 2320B 
Alkalinity 2 N/A 2008/06/09 CAM SOP-00448 SM 2320B 
Carbonate, Bicarbonate and Hydroxide 2 N/A 2008/06/09 
Carbonate, Bicarbonate and Hydroxide 2 N/A 2008/06/10 
Chloride by Automated Colourimetry 4 N/A 2008/06/11 CAM SOP-00463 SM 4500 Cl E 
Conductivity 2 N/A 2008/06/08 CAM SOP-00448 SM 2510 
Conductivity 2 N/A 2008/06/09 CAM SOP-00448 SM 2510 
Dissolved Organic Carbon (DOC) 4 N/A 2008/06/09 CAM SOP-00446 SM 5310 B 
Hardness (calculated as CaCO3) 4 N/A 2008/06/09 CAM SOP 0102 SM 2340 B 
Lab Filtered Metals by ICPMS 4 2008/06/06 2008/06/07 CAM SOP-00447 EPA 6020 
Ion Balance (% Difference) 4 N/A 2008/06/11 
Anion and Cation Sum 2 N/A 2008/06/09 
Anion and Cation Sum 2 N/A 2008/06/10 
Ammonia-N 4 N/A 2008/06/10 CAM SOP-00441 US GS I-2522-90 
Nitrate (NO3) and Nitrite (NO2) in Water ( 1 ) 2 N/A 2008/06/07 CAM SOP-00440 SM 4500 NO3 I 
Nitrate (NO3) and Nitrite (NO2) in Water ( 1 ) 2 N/A 2008/06/09 CAM SOP-00440 SM 4500 NO3 I 
pH 2 N/A 2008/06/08 CAM SOP-00448 SM 4500H 
pH 2 N/A 2008/06/09 CAM SOP-00448 SM 4500H 
Orthophosphate 4 N/A 2008/06/11 CAM SOP-00461 SM 4500 P-F 
Sat. pH and Langelier Index (@ 20C) 4 N/A 2008/06/11 
Sat. pH and Langelier Index (@ 4C) 4 N/A 2008/06/11 
Sulphate by Automated Colourimetry 4 N/A 2008/06/11 CAM SOP-00464 EPA 375.4 
Total Dissolved Solids (TDS calc) 4 N/A 2008/06/11 
Total Organic Carbon (TOC) 4 N/A 2008/06/09 CAM SOP-00446 EPA 415.1 modified 

* RPDs calculated using raw data.  The rounding of final results may result in the apparent difference. 

(1) Values for calculated parameters may not appear to add up due to rounding of raw data and significant figures. 
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Your Project #: 3000R-23-32580.10 
Your C.O.C. #: NA 

Attention: Eva Dmitrovic 
Adventus Remediation Technologies Inc
 
1345 Fewster Dr
 
Mississauga, ON
 
L4W 2A5
 

Report Date: 2008/06/11 

CERTIFICATE OF ANALYSIS 
-2

Encryption Key 

Please direct all questions regarding this Certificate of Analysis to your Project Manager.
 

MARIJANE CRUZ, Project Manager
 
Email:  Marijane.Cruz@maxxamanalytics.com
 
Phone# (905) 817-5756
 

====================================================================
 
Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section
 
5.10.2 of ISO/IEC 17025:2005(E), signing the reports.   SCC and CAEAL have approved this reporting process and electronic report format. 

For Service Group specific validation please refer to the Validation Signature Page 

Total cover pages: 2 
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Maxxam  Job  #: A857833 
Report Date: 2008/06/11 

Adventus Remediation Technologies Inc 
Client Project #: 3000R-23-32580.10 

RESULTS OF ANALYSES OF WATER 

Maxxam ID     Z 0 5 3 6 5     Z 0 5 3 6 6 
Sampling Date 2008/06/04 2008/06/04 
COC Number NA NA

 U n i t s 46447 QC Batch 46448  R D L QC Batch 

Calculated Parameters 

Anion Sum me/L 0.763 1529962 1.08 N/A 1529962 

Bicarb. Alkalinity (calc. as CaCO3) mg/L 7 1529959 29 1 1529959 

Calculated TDS mg/L 46 1529966 56 1 1529966 

Carb. Alkalinity (calc. as CaCO3) mg/L ND 1529959 ND 1 1529959 

Cation Sum me/L 0.757 1529962 0.868 N/A 1529962 

Hardness (CaCO3) mg/L 14 1529960 20 1 1529960 

Ion Balance (% Difference) % NC 1529961 NC N/A 1529961 

Langelier Index (@ 20C) N/A -2.37 1529964 -0.856 1529964 

Langelier Index (@ 4C) N/A -2.62 1529965 -1.11 1529965 

Saturation pH (@ 20C) N/A 9.74 1529964 9.02 1529964 

Saturation pH (@ 4C) N/A 9.99 1529965 9.28 1529965 

Inorganics 

Total Ammonia-N mg/L 0.10 1533019 0.12 0.05 1532999 

Conductivity umho/cm 93 1533171 100 2 1532464 

Dissolved Organic Carbon mg/L 0.7 1533140 0.6 0.1 1533140 

Total Organic Carbon (TOC) mg/L 0.7 1533064 0.5 0.1 1532569 

Orthophosphate (P) mg/L ND 1534456 ND 0.01 1534456 

pH pH 7.4 1533167 8.2 1532463 

Dissolved Sulphate (SO4) mg/L 10 1534457 5 1 1534457 

Alkalinity (Total as CaCO3) mg/L 7 1533173 29 1 1532465 

Dissolved Chloride (Cl) mg/L 14 1534455 14 1 1534455 

Nitrite (N) mg/L ND 1532052 ND 0.01 1532052 

Nitrate (N) mg/L ND 1532052 ND 0.1 1532052 

ND = Not detected 
NC = Non-calculable 
RDL = Reportable Detection Limit 
QC Batch = Quality Control Batch 
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Maxxam  Job  #: A857833 
Report Date: 2008/06/11 

Adventus Remediation Technologies Inc 
Client Project #: 3000R-23-32580.10 

RESULTS OF ANALYSES OF WATER 

Maxxam ID     Z 0 5 3 6 7     Z 0 5 3 6 8 
Sampling Date 2008/06/04 2008/06/04 
COC Number NA NA

 U n i t s 46449 QC Batch 46450  R D L QC Batch 

Calculated Parameters 

Anion Sum me/L 0.808 1529962 0.962 N/A 1529962 

Bicarb. Alkalinity (calc. as CaCO3) mg/L 15 1529959 24 1 1529959 

Calculated TDS mg/L 48 1529966 62 1 1529966 

Carb. Alkalinity (calc. as CaCO3) mg/L ND 1529959 ND 1 1529959 

Cation Sum me/L 0.808 1529962 0.843 N/A 1529962 

Hardness (CaCO3) mg/L 18 1529960 19 1 1529960 

Ion Balance (% Difference) % NC 1529961 NC N/A 1529961 

Langelier Index (@ 20C) N/A -1.92 1529964 -2.08 1529964 

Langelier Index (@ 4C) N/A -2.17 1529965 -2.33 1529965 

Saturation pH (@ 20C) N/A 9.39 1529964 9.17 1529964 

Saturation pH (@ 4C) N/A 9.64 1529965 9.43 1529965 

Inorganics 

Total Ammonia-N mg/L ND 1533019 ND 0.05 1533019 

Conductivity umho/cm 91 1533192 93 2 1532464 

Dissolved Organic Carbon mg/L 1.0 1532983 1.8 0.1 1533140 

Total Organic Carbon (TOC) mg/L 1.0 1533064 2.0 0.1 1533064 

Orthophosphate (P) mg/L ND 1534456 ND 0.01 1534456 

pH pH 7.5 1533186 7.1 1532463 

Dissolved Sulphate (SO4) mg/L 5 1534457 5 1 1534457 

Alkalinity (Total as CaCO3) mg/L 16 1533193 24 1 1532465 

Dissolved Chloride (Cl) mg/L 14 1534455 13 1 1534455 

Nitrite (N) mg/L ND 1532078 ND 0.01 1532077 

Nitrate (N) mg/L ND 1532078 ND 0.1 1532077 

ND = Not detected 
NC = Non-calculable 
RDL = Reportable Detection Limit 
QC Batch = Quality Control Batch 
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Maxxam  Job  #: A857833 
Report Date: 2008/06/11 

Adventus Remediation Technologies Inc 
Client Project #: 3000R-23-32580.10 

ELEMENTS BY ATOMIC SPECTROSCOPY (WATER) 

Maxxam ID     Z 0 5 3 6 5     Z 0 5 3 6 6     Z 0 5 3 6 7     Z 0 5 3 6 8 
Sampling Date 2008/06/04 2008/06/04 2008/06/04 2008/06/04 
COC Number NA NA NA NA

 U n i t s 46447 46448 46449 46450  R D L QC Batch 

Metals 

Dissolved Aluminum (Al) ug/L ND 8 ND ND 5 1531977 

Dissolved Antimony (Sb) ug/L ND ND ND ND 0.5 1531977 

Dissolved Arsenic (As) ug/L ND ND ND ND 1 1531977 

Dissolved Barium (Ba) ug/L 110 240 ND ND 5 1531977 

Dissolved Beryllium (Be) ug/L ND ND ND ND 0.5 1531977 

Dissolved Boron (B) ug/L 690 47 ND ND 10 1531977 

Dissolved Cadmium (Cd) ug/L ND ND ND ND 0.1 1531977 

Dissolved Calcium (Ca) ug/L 5100 6700 5300 5700 200 1531977 

Dissolved Chromium (Cr) ug/L ND ND ND ND 5 1531977 

Dissolved Cobalt (Co) ug/L ND ND ND ND 0.5 1531977 

Dissolved Copper (Cu) ug/L ND ND ND 2 1 1531977 

Dissolved Iron (Fe) ug/L ND ND ND ND 100 1531977 

Dissolved Lead (Pb) ug/L ND ND ND ND 0.5 1531977 

Dissolved Magnesium (Mg) ug/L 330 790 1100 1200 50 1531977 

Dissolved Manganese (Mn) ug/L 7 3 27 ND 2 1531977 

Dissolved Molybdenum (Mo) ug/L 6 13 ND ND 1 1531977 

Dissolved Nickel (Ni) ug/L ND ND ND ND 1 1531977 

Dissolved Phosphorus (P) ug/L ND ND ND ND 100 1531977 

Dissolved Potassium (K) ug/L 1400 1300 1300 1300 200 1531977 

Dissolved Selenium (Se) ug/L ND ND ND ND 2 1531977 

Dissolved Silicon (Si) ug/L 270 460 940 5200 50 1531977 

Dissolved Silver (Ag) ug/L ND ND ND ND 0.1 1531977 

Dissolved Sodium (Na) ug/L 10000 9800 9600 9800 100 1531977 

Dissolved Strontium (Sr) ug/L 47 52 36 40 1 1531977 

Dissolved Thallium (Tl) ug/L ND ND ND ND 0.05 1531977 

Dissolved Titanium (Ti) ug/L ND ND ND ND 5 1531977 

Dissolved Uranium (U) ug/L ND ND ND ND 0.1 1531977 

Dissolved Vanadium (V) ug/L ND ND ND ND 1 1531977 

Dissolved Zinc (Zn) ug/L ND ND ND ND 5 1531977 

ND = Not detected 
RDL = Reportable Detection Limit 
QC Batch = Quality Control Batch 
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Adventus Remediation Technologies Inc 
Maxxam  Job  #: A857833 Client Project #: 3000R-23-32580.10 
Report Date: 2008/06/11 

GENERAL COMMENTS 

Sample     Z05366-: Total Organic Carbon < Dissolved Organic Carbon: Both values fall within acceptable RPD limits for duplicates and are likely 
equivalent. 

Sample     Z05367-: Total Organic Carbon < Dissolved Organic Carbon: Both values fall within acceptable RPD limits for duplicates and are likely 
equivalent. 

Results relate only to the items tested. 
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Adventus Remediation Technologies Inc 
Attention: Eva Dmitrovic 
Client Project #: 3000R-23-32580.10 
P.O. #: 
Project name: 

Quality Assurance Report 
Maxxam Job Number: MA857833 

QA/QC Date 
Batch Analyzed 
Num Init QC Type Parameter yyyy/mm/dd Value Recovery Units QC Limits 

1531977 JBW MATRIX SPIKE Dissolved Aluminum (Al) 2008/06/07 98 % 80 - 120 
Dissolved Antimony (Sb) 2008/06/07 110 % 80 - 120 
Dissolved Arsenic (As) 2008/06/07 107 % 80 - 120 
Dissolved Barium (Ba) 2008/06/07 100 % 80 - 120 
Dissolved Beryllium (Be) 2008/06/07 101 % 80 - 120 
Dissolved Boron (B) 2008/06/07 98 % 80 - 120 
Dissolved Cadmium (Cd) 2008/06/07 107 % 80 - 120 
Dissolved Calcium (Ca) 2008/06/07 NC ( 1 ) % 80 - 120 
Dissolved Chromium (Cr) 2008/06/07 102 % 80 - 120 
Dissolved Cobalt (Co) 2008/06/07 101 % 80 - 120 
Dissolved Copper (Cu) 2008/06/07 99 % 80 - 120 
Dissolved Iron (Fe) 2008/06/07 103 % 80 - 120 
Dissolved Lead (Pb) 2008/06/07 100 % 80 - 120 
Dissolved Magnesium (Mg) 2008/06/07 NC % 80 - 120 
Dissolved Manganese (Mn) 2008/06/07 102 % 80 - 120 
Dissolved Molybdenum (Mo) 2008/06/07 108 % 80 - 120 
Dissolved Nickel (Ni) 2008/06/07 101 % 80 - 120 
Dissolved Phosphorus (P) 2008/06/07 109 % 80 - 120 
Dissolved Potassium (K) 2008/06/07 101 % 80 - 120 
Dissolved Selenium (Se) 2008/06/07 107 % 80 - 120 
Dissolved Silicon (Si) 2008/06/07 101 % 80 - 120 
Dissolved Silver (Ag) 2008/06/07 102 % 80 - 120 
Dissolved Sodium (Na) 2008/06/07 NC % 80 - 120 
Dissolved Strontium (Sr) 2008/06/07 102 % 80 - 120 
Dissolved Thallium (Tl) 2008/06/07 99 % 80 - 120 
Dissolved Titanium (Ti) 2008/06/07 104 % 80 - 120 
Dissolved Uranium (U) 2008/06/07 105 % 80 - 120 
Dissolved Vanadium (V) 2008/06/07 106 % 80 - 120 
Dissolved Zinc (Zn) 2008/06/07 101 % 80 - 120 

Spiked Blank Dissolved Aluminum (Al) 2008/06/07 97 % 85 - 115 
Dissolved Antimony (Sb) 2008/06/07 101 % 85 - 115 
Dissolved Arsenic (As) 2008/06/07 97 % 85 - 115 
Dissolved Barium (Ba) 2008/06/07 99 % 85 - 115 
Dissolved Beryllium (Be) 2008/06/07 98 % 85 - 115 
Dissolved Boron (B) 2008/06/07 99 % 85 - 115 
Dissolved Cadmium (Cd) 2008/06/07 100 % 85 - 115 
Dissolved Calcium (Ca) 2008/06/07 98 % 85 - 115 
Dissolved Chromium (Cr) 2008/06/07 100 % 85 - 115 
Dissolved Cobalt (Co) 2008/06/07 99 % 85 - 115 
Dissolved Copper (Cu) 2008/06/07 97 % 85 - 115 
Dissolved Iron (Fe) 2008/06/07 101 % 85 - 115 
Dissolved Lead (Pb) 2008/06/07 96 % 85 - 115 
Dissolved Magnesium (Mg) 2008/06/07 97 % 85 - 115 
Dissolved Manganese (Mn) 2008/06/07 99 % 85 - 115 
Dissolved Molybdenum (Mo) 2008/06/07 101 % 85 - 115 
Dissolved Nickel (Ni) 2008/06/07 99 % 85 - 115 
Dissolved Phosphorus (P) 2008/06/07 95 % 85 - 115 
Dissolved Potassium (K) 2008/06/07 98 % 85 - 115 
Dissolved Selenium (Se) 2008/06/07 94 % 85 - 115 
Dissolved Silicon (Si) 2008/06/07 96 % 85 - 115 
Dissolved Silver (Ag) 2008/06/07 92 % 85 - 115 
Dissolved Sodium (Na) 2008/06/07 100 % 85 - 115 
Dissolved Strontium (Sr) 2008/06/07 101 % 85 - 115 
Dissolved Thallium (Tl) 2008/06/07 97 % 85 - 115 
Dissolved Titanium (Ti) 2008/06/07 99 % 85 - 115 
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Adventus Remediation Technologies Inc 
Attention: Eva Dmitrovic 
Client Project #: 3000R-23-32580.10 
P.O. #: 
Project name: 

Quality Assurance Report (Continued) 
Maxxam Job Number: MA857833 

QA/QC Date 
Batch Analyzed 
Num Init QC Type Parameter yyyy/mm/dd Value Recovery Units QC Limits 

1531977 JBW Spiked Blank Dissolved Uranium (U) 2008/06/07 102 % 85 - 115 
Dissolved Vanadium (V) 2008/06/07 101 % 85 - 115 
Dissolved Zinc (Zn) 2008/06/07 94 % 85 - 115 

Method Blank Dissolved Aluminum (Al) 2008/06/07 ND, RDL=5 ug/L 
Dissolved Antimony (Sb) 2008/06/07 ND, RDL=0.5 ug/L 
Dissolved Arsenic (As) 2008/06/07 ND, RDL=1 ug/L 
Dissolved Barium (Ba) 2008/06/07 ND, RDL=5 ug/L 
Dissolved Beryllium (Be) 2008/06/07 ND, RDL=0.5 ug/L 
Dissolved Boron (B) 2008/06/07 ND, RDL=10 ug/L 
Dissolved Cadmium (Cd) 2008/06/07 ND, RDL=0.1 ug/L 
Dissolved Calcium (Ca) 2008/06/07 ND, RDL=200 ug/L 
Dissolved Chromium (Cr) 2008/06/07 ND, RDL=5 ug/L 
Dissolved Cobalt (Co) 2008/06/07 ND, RDL=0.5 ug/L 
Dissolved Copper (Cu) 2008/06/07 ND, RDL=1 ug/L 
Dissolved Iron (Fe) 2008/06/07 ND, RDL=100 ug/L 
Dissolved Lead (Pb) 2008/06/07 ND, RDL=0.5 ug/L 
Dissolved Magnesium (Mg) 2008/06/07 ND, RDL=50 ug/L 
Dissolved Manganese (Mn) 2008/06/07 ND, RDL=2 ug/L 
Dissolved Molybdenum (Mo) 2008/06/07 ND, RDL=1 ug/L 
Dissolved Nickel (Ni) 2008/06/07 ND, RDL=1 ug/L 
Dissolved Phosphorus (P) 2008/06/07 ND, RDL=100 ug/L 
Dissolved Potassium (K) 2008/06/07 ND, RDL=200 ug/L 
Dissolved Selenium (Se) 2008/06/07 ND, RDL=2 ug/L 
Dissolved Silicon (Si) 2008/06/07 ND, RDL=50 ug/L 
Dissolved Silver (Ag) 2008/06/07 ND, RDL=0.1 ug/L 
Dissolved Sodium (Na) 2008/06/07 ND, RDL=100 ug/L 
Dissolved Strontium (Sr) 2008/06/07 ND, RDL=1 ug/L 
Dissolved Thallium (Tl) 2008/06/07 ND, RDL=0.05 ug/L 
Dissolved Titanium (Ti) 2008/06/07 ND, RDL=5 ug/L 
Dissolved Uranium (U) 2008/06/07 ND, RDL=0.1 ug/L 
Dissolved Vanadium (V) 2008/06/07 ND, RDL=1 ug/L 
Dissolved Zinc (Zn) 2008/06/07 ND, RDL=5 ug/L 

RPD Dissolved Iron (Fe) 2008/06/07 NC % 25 
1532052 AHA MATRIX SPIKE Nitrite (N) 2008/06/07 105 % 75 - 125 

Nitrate (N) 2008/06/07 94 % 75 - 125 
Spiked Blank Nitrite (N) 2008/06/07 107 % 80 - 120 

Nitrate (N) 2008/06/07 91 % 80 - 120 
Method Blank	 Nitrite (N) 2008/06/07 ND, RDL=0.01 mg/L 

Nitrate (N) 2008/06/07 ND, RDL=0.1 mg/L 
RPD Nitrate (N) 2008/06/07 NC % 25 

1532077 CCI MATRIX SPIKE Nitrite (N) 2008/06/09 105 % 75 - 125 
Nitrate (N) 2008/06/09 91 % 75 - 125 

Spiked Blank Nitrite (N) 2008/06/09 108 % 80 - 120 
Nitrate (N) 2008/06/09 96 % 80 - 120 

Method Blank	 Nitrite (N) 2008/06/09 ND, RDL=0.01 mg/L 
Nitrate (N) 2008/06/09 ND, RDL=0.1 mg/L 

RPD Nitrate (N) 2008/06/09 NC % 25 
1532078 CCI MATRIX SPIKE Nitrite (N) 2008/06/09 105 % 75 - 125 

Nitrate (N) 2008/06/09 99 % 75 - 125 
Spiked Blank Nitrite (N) 2008/06/09 107 % 80 - 120 

Nitrate (N) 2008/06/09 88 % 80 - 120 
Method Blank Nitrite (N) 2008/06/09 ND, RDL=0.01 mg/L 

Nitrate (N) 2008/06/09 ND, RDL=0.1 mg/L 
RPD Nitrate (N) 2008/06/09 NC % 25 

1532464 JDE QC STANDARD Conductivity 2008/06/08 98 % 85 - 115 
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Adventus Remediation Technologies Inc 
Attention: Eva Dmitrovic 
Client Project #: 3000R-23-32580.10 
P.O. #: 
Project name: 

Quality Assurance Report (Continued) 
Maxxam Job Number: MA857833 

QA/QC Date 
Batch Analyzed 
Num Init QC Type Parameter yyyy/mm/dd Value Recovery Units QC Limits 

1532464 JDE	 Method Blank Conductivity 2008/06/08 ND, RDL=2 umho/cm 
RPD Conductivity 2008/06/08 0.5 % 25 

1532465 JDE	 QC STANDARD Alkalinity (Total as CaCO3) 2008/06/08 104 % 85 - 115 
Method Blank Alkalinity (Total as CaCO3) 2008/06/08 ND, RDL=1 mg/L 
RPD Alkalinity (Total as CaCO3) 2008/06/08 2.4 % 25 

1532569 AHA	 MATRIX SPIKE 
[Z05366-02] Total Organic Carbon (TOC) 2008/06/09 97 % 75 - 125 
Spiked Blank Total Organic Carbon (TOC) 2008/06/09 107 % 75 - 125 
Method Blank Total Organic Carbon (TOC) 2008/06/09 0.1, RDL=0.1 mg/L 
RPD [ Z 0 5 3 6 6 - 0 2 ] Total Organic Carbon (TOC) 2008/06/09 1.7 % 20 

1532983 AHA	 MATRIX SPIKE Dissolved Organic Carbon 2008/06/09 NC ( 1 ) % 75 - 125 
Spiked Blank Dissolved Organic Carbon 2008/06/09 95 % 75 - 125 
Method Blank Dissolved Organic Carbon 2008/06/09 ND, RDL=0.1 mg/L 
RPD Dissolved Organic Carbon 2008/06/09 0.7 % 20 

1532999 ADB	 MATRIX SPIKE Total Ammonia-N 2008/06/10 NC ( 1 ) % 80 - 120 
Spiked Blank Total Ammonia-N 2008/06/10 102 % 80 - 120 
Method Blank Total Ammonia-N 2008/06/10 ND, RDL=0.05 mg/L 
RPD Total Ammonia-N 2008/06/10 0.1 % 25 

1533019 ADB	 MATRIX SPIKE Total Ammonia-N 2008/06/10 100 % 80 - 120 
Spiked Blank Total Ammonia-N 2008/06/10 100 % 80 - 120 
Method Blank Total Ammonia-N 2008/06/10 ND, RDL=0.05 mg/L 
RPD Total Ammonia-N 2008/06/10 NC % 25 

1533064 AHA	 MATRIX SPIKE 
[Z05367-02] Total Organic Carbon (TOC) 2008/06/09 93 % 75 - 125 
Spiked Blank Total Organic Carbon (TOC) 2008/06/09 93 % 75 - 125 
Method Blank Total Organic Carbon (TOC) 2008/06/09 ND, RDL=0.1 mg/L 
RPD [ Z 0 5 3 6 7 - 0 2 ] Total Organic Carbon (TOC) 2008/06/09 1.6 % 20 

1533140 AHA	 MATRIX SPIKE 
[Z05366-02] Dissolved Organic Carbon 2008/06/09 95 % 75 - 125 
Spiked Blank Dissolved Organic Carbon 2008/06/09 99 % 75 - 125 
Method Blank Dissolved Organic Carbon 2008/06/09 0.1, RDL=0.1 mg/L 
RPD [ Z 0 5 3 6 6 - 0 2 ] Dissolved Organic Carbon 2008/06/09 0.7 % 20 

1533171 JDE	 QC STANDARD Conductivity 2008/06/09 101 % 85 - 115 
Method Blank Conductivity 2008/06/09 ND, RDL=2 umho/cm 
RPD Conductivity 2008/06/09 0.4 % 25 

1533173 JDE	 QC STANDARD Alkalinity (Total as CaCO3) 2008/06/09 97 % 85 - 115 
Method Blank Alkalinity (Total as CaCO3) 2008/06/09 ND, RDL=1 mg/L 
RPD Alkalinity (Total as CaCO3) 2008/06/09 0.7 % 25 

1533192 JDE	 QC STANDARD Conductivity 2008/06/09 100 % 85 - 115 
Method Blank Conductivity 2008/06/09 ND, RDL=2 umho/cm 
RPD Conductivity 2008/06/09 0.4 % 25 

1533193 JDE	 QC STANDARD Alkalinity (Total as CaCO3) 2008/06/09 98 % 85 - 115 
Method Blank Alkalinity (Total as CaCO3) 2008/06/09 ND, RDL=1 mg/L 
RPD Alkalinity (Total as CaCO3) 2008/06/09 0.3 % 25 

1534455 C_N	 MATRIX SPIKE Dissolved Chloride (Cl) 2008/06/11 105 % 75 - 125 
Spiked Blank Dissolved Chloride (Cl) 2008/06/11 99 % 80 - 120 
Method Blank Dissolved Chloride (Cl) 2008/06/11 ND, RDL=1 mg/L 
RPD Dissolved Chloride (Cl) 2008/06/11 NC % 20 

1534456 C_N	 MATRIX SPIKE Orthophosphate (P) 2008/06/11 99 % 75 - 125 
Spiked Blank Orthophosphate (P) 2008/06/11 101 % 80 - 120 
Method Blank Orthophosphate (P) 2008/06/11 ND, RDL=0.01 mg/L 
RPD Orthophosphate (P) 2008/06/11 NC % 25 

1534457 C_N	 MATRIX SPIKE Dissolved Sulphate (SO4) 2008/06/11 107 % 75 - 125 
Spiked Blank Dissolved Sulphate (SO4) 2008/06/11 102 % 80 - 120 
Method Blank Dissolved Sulphate (SO4) 2008/06/11 ND, RDL=1 mg/L 
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Adventus Remediation Technologies Inc 
Attention: Eva Dmitrovic 
Client Project #: 3000R-23-32580.10 
P.O. #: 
Project name: 

Quality Assurance Report (Continued) 
Maxxam Job Number: MA857833 

QA/QC Date 
Batch Analyzed 
Num Init QC Type Parameter yyyy/mm/dd Value Recovery Units QC Limits 

1534457 C_N RPD Dissolved Sulphate (SO4) 2008/06/11 1.7 % 25 

ND = Not detected 
NC = Non-calculable 
RPD = Relative Percent Difference 
QC Standard = Quality Control Standard 
SPIKE = Fortified sample 
( 1 )    The recovery in the matrix spike was not calculated (NC).  Because of the high concentration of this analyte in the parent sample, the 
relative difference between the spiked and unspiked concentrations is not sufficiently significant to permit a reliable recovery calculation. 
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Validation Signature Page 

Maxxam  Job  #: A857833 

The analytical data and all QC contained in this report were reviewed and validated by the following individual(s). 

CHRISTINA NERVO, Scientific Services 

====================================================================
 
Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section 5.10.2 of
 
ISO/IEC 17025:2005(E), signing the reports.   SCC and CAEAL have approved this reporting process and electronic report format.
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Your Project #: 3000R-23-32580.10 
Your C.O.C. #: N/A 

Attention: Eva Dmitrovic 
Adventus Remediation Technologies Inc
 
1345 Fewster Dr
 
Mississauga, ON
 
L4W 2A5
 

Report Date: 2008/06/17 

CERTIFICATE OF ANALYSIS 

MAXXAM JOB #: A859634 
Received: 2008/06/09, 16:10 

Sample Matrix: Water 
# Samples Received: 4 

Date Date Method 
Analyses Quantity Extracted Analyzed Laboratory Method Reference 
Alkalinity 3 N/A 2008/06/15 CAM SOP-00448 SM 2320B 
Alkalinity 1 N/A 2008/06/16 CAM SOP-00448 SM 2320B 
Carbonate, Bicarbonate and Hydroxide 4 N/A 2008/06/16 
Chloride by Automated Colourimetry 4 N/A 2008/06/15 CAM SOP-00463 SM 4500 Cl E 
Conductivity 3 N/A 2008/06/15 CAM SOP-00448 SM 2510 
Conductivity 1 N/A 2008/06/16 CAM SOP-00448 SM 2510 
Dissolved Organic Carbon (DOC) 1 N/A 2012/06/08 CAM SOP-00446 SM 5310 B 
Dissolved Organic Carbon (DOC) 1 N/A 2013/06/08 CAM SOP-00446 SM 5310 B 
Dissolved Organic Carbon (DOC) 2 N/A 2013/06/20 CAM SOP-00446 SM 5310 B 
Hardness (calculated as CaCO3) 4 N/A 2008/06/17 CAM SOP 0102 SM 2340 B 
Lab Filtered Metals by ICPMS 3 2008/06/14 2008/06/15 CAM SOP-00447 EPA 6020 
Lab Filtered Metals by ICPMS 1 2008/06/14 2008/06/16 CAM SOP-00447 EPA 6020 
Ion Balance (% Difference) 4 N/A 2008/06/17 
Anion and Cation Sum 4 N/A 2008/06/17 
Ammonia-N 4 N/A 2008/06/16 CAM SOP-00441 US GS I-2522-90 
Nitrate (NO3) and Nitrite (NO2) in Water ( 1 ) 3 N/A 2008/06/06 CAM SOP-00440 SM 4500 NO3 I 
Nitrate (NO3) and Nitrite (NO2) in Water ( 1 ) 1 N/A 2008/06/13 CAM SOP-00440 SM 4500 NO3 I 
pH 3 N/A 2008/06/15 CAM SOP-00448 SM 4500H 
pH 1 N/A 2008/06/16 CAM SOP-00448 SM 4500H 
Orthophosphate 4 N/A 2008/06/15 CAM SOP-00461 SM 4500 P-F 
Sat. pH and Langelier Index (@ 20C) 4 N/A 2008/06/17 
Sat. pH and Langelier Index (@ 4C) 4 N/A 2008/06/17 
Sulphate by Automated Colourimetry 4 N/A 2008/06/15 CAM SOP-00464 EPA 375.4 
Total Dissolved Solids (TDS calc) 4 N/A 2008/06/17 
Total Organic Carbon (TOC) 3 N/A 2012/06/08 CAM SOP-00446 EPA 415.1 modified 
Total Organic Carbon (TOC) 1 N/A 2013/06/20 CAM SOP-00446 EPA 415.1 modified 

* RPDs calculated using raw data.  The rounding of final results may result in the apparent difference. 

(1) Values for calculated parameters may not appear to add up due to rounding of raw data and significant figures. 
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Your Project #: 3000R-23-32580.10 
Your C.O.C. #: N/A 

Attention: Eva Dmitrovic 
Adventus Remediation Technologies Inc
 
1345 Fewster Dr
 
Mississauga, ON
 
L4W 2A5
 

Report Date: 2008/06/17 

CERTIFICATE OF ANALYSIS 
-2

Encryption Key 

Please direct all questions regarding this Certificate of Analysis to your Project Manager.
 

MARIJANE CRUZ, Project Manager
 
Email:  Marijane.Cruz@maxxamanalytics.com
 
Phone# (905) 817-5756
 

====================================================================
 
Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section
 
5.10.2 of ISO/IEC 17025:2005(E), signing the reports.   SCC and CAEAL have approved this reporting process and electronic report format. 

For Service Group specific validation please refer to the Validation Signature Page 

Total cover pages: 2 
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Maxxam  Job  #: A859634 
Report Date: 2008/06/17 

Adventus Remediation Technologies Inc 
Client Project #: 3000R-23-32580.10 

RESULTS OF ANALYSES OF WATER 

Maxxam ID     Z 1 4 2 2 1     Z 1 4 2 2 2 
Sampling Date 2008/06/09 2008/06/09 
COC Number N/A N/A

 U n i t s 46463 QC Batch 46464  R D L QC Batch 

Calculated Parameters 

Anion Sum me/L 0.755 1533573 0.853 N/A 1533573 

Bicarb. Alkalinity (calc. as CaCO3) mg/L 5 1533570 16 1 1533570 

Calculated TDS mg/L 48 1533577 51 1 1533577 

Carb. Alkalinity (calc. as CaCO3) mg/L ND 1533570 ND 1 1533570 

Cation Sum me/L 0.817 1533573 0.912 N/A 1533573 

Hardness (CaCO3) mg/L 16 1533571 21 1 1533571 

Ion Balance (% Difference) % NC 1533572 NC N/A 1533572 

Langelier Index (@ 20C) N/A -2.47 1533575 -1.54 1533575 

Langelier Index (@ 4C) N/A -2.72 1533576 -1.79 1533576 

Saturation pH (@ 20C) N/A 9.81 1533575 9.27 1533575 

Saturation pH (@ 4C) N/A 10.1 1533576 9.52 1533576 

Inorganics 

Total Ammonia-N mg/L 0.12 1537173 0.10 0.05 1537121 

Conductivity umho/cm 92 1538173 97 2 1538185 

Dissolved Organic Carbon mg/L 0.6 1537477 0.6 0.1 1537118 

Total Organic Carbon (TOC) mg/L 0.7 1536205 0.6 0.1 1536205 

Orthophosphate (P) mg/L ND 1537934 ND 0.01 1537925 

pH pH 7.3 1538172 7.7 1538184 

Dissolved Sulphate (SO4) mg/L 10 1537935 6 1 1537926 

Alkalinity (Total as CaCO3) mg/L 5 1538174 16 1 1538186 

Dissolved Chloride (Cl) mg/L 15 1537931 14 1 1537923 

Nitrite (N) mg/L ND 1536704 ND 0.01 1536671 

Nitrate (N) mg/L ND 1536704 ND 0.1 1536671 

ND = Not detected 
N/A = Not Applicable 
NC = Non-calculable 
RDL = Reportable Detection Limit 
QC Batch = Quality Control Batch 
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Maxxam  Job  #: A859634 
Report Date: 2008/06/17 

Adventus Remediation Technologies Inc 
Client Project #: 3000R-23-32580.10 

RESULTS OF ANALYSES OF WATER 

Maxxam ID     Z 1 4 2 2 3     Z 1 4 2 2 4 
Sampling Date 2008/06/09 2008/06/09 
COC Number N/A N/A

 U n i t s 46465 QC Batch 46466  R D L QC Batch 

Calculated Parameters 

Anion Sum me/L 0.804 1533573 0.805 N/A 1533573 

Bicarb. Alkalinity (calc. as CaCO3) mg/L 14 1533570 15 1 1533570 

Calculated TDS mg/L 49 1533577 60 1 1533577 

Carb. Alkalinity (calc. as CaCO3) mg/L ND 1533570 ND 1 1533570 

Cation Sum me/L 0.878 1533573 0.904 N/A 1533573 

Hardness (CaCO3) mg/L 19 1533571 20 1 1533571 

Ion Balance (% Difference) % NC 1533572 NC N/A 1533572 

Langelier Index (@ 20C) N/A -2.00 1533575 -2.10 1533575 

Langelier Index (@ 4C) N/A -2.25 1533576 -2.35 1533576 

Saturation pH (@ 20C) N/A 9.40 1533575 9.38 1533575 

Saturation pH (@ 4C) N/A 9.65 1533576 9.63 1533576 

Inorganics 

Total Ammonia-N mg/L ND 1537173 ND 0.05 1537121 

Conductivity umho/cm 92 1538173 92 2 1538173 

Dissolved Organic Carbon mg/L 1.1 1536349 1.9 0.1 1537118 

Total Organic Carbon (TOC) mg/L 1.0 1536540 2.2 0.1 1536205 

Orthophosphate (P) mg/L ND 1537925 ND 0.01 1537925 

pH pH 7.4 1538172 7.3 1538172 

Dissolved Sulphate (SO4) mg/L 6 1537926 6 1 1537926 

Alkalinity (Total as CaCO3) mg/L 14 1538174 15 1 1538174 

Dissolved Chloride (Cl) mg/L 14 1537923 14 1 1537923 

Nitrite (N) mg/L ND 1536704 ND 0.01 1536704 

Nitrate (N) mg/L ND 1536704 ND 0.1 1536704 

ND = Not detected 
N/A = Not Applicable 
NC = Non-calculable 
RDL = Reportable Detection Limit 
QC Batch = Quality Control Batch 
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Maxxam  Job  #: A859634 
Report Date: 2008/06/17 

Adventus Remediation Technologies Inc 
Client Project #: 3000R-23-32580.10 

ELEMENTS BY ATOMIC SPECTROSCOPY (WATER) 

Maxxam ID     Z 1 4 2 2 1     Z 1 4 2 2 2     Z 1 4 2 2 3     Z 1 4 2 2 4 
Sampling Date 2008/06/09 2008/06/09 2008/06/09 2008/06/09 
COC Number N/A N/A N/A N/A

 U n i t s 46463 46464 46465 46466  R D L QC Batch 

Metals 

Dissolved Aluminum (Al) ug/L 6 16 ND ND 5 1538077 

Dissolved Antimony (Sb) ug/L ND ND ND ND 0.5 1538077 

Dissolved Arsenic (As) ug/L ND ND ND ND 1 1538077 

Dissolved Barium (Ba) ug/L 110 250 ND ND 5 1538077 

Dissolved Beryllium (Be) ug/L ND ND ND ND 0.5 1538077 

Dissolved Boron (B) ug/L 590 47 10 15 10 1538077 

Dissolved Cadmium (Cd) ug/L ND ND ND ND 0.1 1538077 

Dissolved Calcium (Ca) ug/L 5800 6700 5700 6000 200 1538077 

Dissolved Chromium (Cr) ug/L ND ND ND ND 5 1538077 

Dissolved Cobalt (Co) ug/L ND ND ND ND 0.5 1538077 

Dissolved Copper (Cu) ug/L ND 1 ND 1 1 1538077 

Dissolved Iron (Fe) ug/L ND ND ND ND 100 1538077 

Dissolved Lead (Pb) ug/L ND ND ND ND 0.5 1538077 

Dissolved Magnesium (Mg) ug/L 300 930 1200 1300 50 1538077 

Dissolved Manganese (Mn) ug/L 4 3 12 ND 2 1538077 

Dissolved Molybdenum (Mo) ug/L 6 11 ND ND 1 1538077 

Dissolved Nickel (Ni) ug/L ND ND ND ND 1 1538077 

Dissolved Phosphorus (P) ug/L ND ND ND ND 100 1538077 

Dissolved Potassium (K) ug/L 1600 1500 1400 1400 200 1538077 

Dissolved Selenium (Se) ug/L ND ND ND ND 2 1538077 

Dissolved Silicon (Si) ug/L 340 590 850 5500 50 1538077 

Dissolved Silver (Ag) ug/L 0.1 0.2 0.2 ND 0.1 1538077 

Dissolved Sodium (Na) ug/L 10000 10000 11000 11000 100 1538077 

Dissolved Strontium (Sr) ug/L 50 52 35 39 1 1538077 

Dissolved Thallium (Tl) ug/L ND ND ND ND 0.05 1538077 

Dissolved Titanium (Ti) ug/L ND ND ND ND 5 1538077 

Dissolved Uranium (U) ug/L ND ND ND ND 0.1 1538077 

Dissolved Vanadium (V) ug/L 1 ND ND ND 1 1538077 

Dissolved Zinc (Zn) ug/L ND ND ND ND 5 1538077 

ND = Not detected 
N/A = Not Applicable 
RDL = Reportable Detection Limit 
QC Batch = Quality Control Batch 
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GENERAL COMMENTS 

Sample     Z14222-: Total Organic Carbon < Dissolved Organic Carbon: Both values fall within acceptable RPD limits for duplicates and are likely 
equivalent. 

Sample     Z14223-: Total Organic Carbon < Dissolved Organic Carbon: Both values fall within acceptable RPD limits for duplicates and are likely 
equivalent. 

Results relate only to the items tested. 
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Attention: Eva Dmitrovic 
Client Project #: 3000R-23-32580.10 
P.O. #: 
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Quality Assurance Report 
Maxxam Job Number: MA859634 

QA/QC Date 
Batch Analyzed 
Num Init QC Type Parameter yyyy/mm/dd Value Recovery Units QC Limits 

1536205 AHA	 MATRIX SPIKE Total Organic Carbon (TOC) 2012/06/08 NC ( 1 ) % 75 - 125 
Spiked Blank Total Organic Carbon (TOC) 2012/06/08 97 % 75 - 125 
Method Blank Total Organic Carbon (TOC) 2012/06/08 0.1, RDL=0.1 mg/L 
RPD Total Organic Carbon (TOC) 2012/06/08 1.7 % 20 

1536349 AHA	 MATRIX SPIKE Dissolved Organic Carbon 2012/06/08 NC ( 1 ) % 75 - 125 
Spiked Blank Dissolved Organic Carbon 2012/06/08 98 % 75 - 125 
Method Blank Dissolved Organic Carbon 2012/06/08 0.1, RDL=0.1 mg/L 
RPD Dissolved Organic Carbon 2012/06/08 0.6 % 20 

1536540 AHA	 MATRIX SPIKE Total Organic Carbon (TOC) 2013/06/20 NC ( 1 ) % 75 - 125 
Spiked Blank Total Organic Carbon (TOC) 2013/06/20 99 % 75 - 125 
Method Blank Total Organic Carbon (TOC) 2013/06/20 ND, RDL=0.1 mg/L 
RPD Total Organic Carbon (TOC) 2013/06/20 1.4 % 20 

1536671 LS MATRIX SPIKE Nitrite (N) 2008/06/13 103 % 75 - 125 
Nitrate (N) 2008/06/13 96 % 75 - 125 

Spiked Blank Nitrite (N) 2008/06/13 102 % 80 - 120 
Nitrate (N) 2008/06/13 97 % 80 - 120 

Method Blank	 Nitrite (N) 2008/06/13 ND, RDL=0.01 mg/L 
Nitrate (N) 2008/06/13 ND, RDL=0.1 mg/L 

RPD Nitrite (N) 2008/06/13 NC % 25 
Nitrate (N) 2008/06/13 NC % 25 

1536704 CCI MATRIX SPIKE Nitrite (N) 2008/06/06 105 % 75 - 125 
Nitrate (N) 2008/06/06 94 % 75 - 125 

Spiked Blank Nitrite (N) 2008/06/06 106 % 80 - 120 
Nitrate (N) 2008/06/06 97 % 80 - 120 

Method Blank Nitrite (N) 2008/06/06 ND, RDL=0.01 mg/L 
Nitrate (N) 2008/06/06 ND, RDL=0.1 mg/L 

RPD Nitrite (N) 2008/06/06 NC % 25 
Nitrate (N) 2008/06/06 0.9 % 25 

1537118 AHA	 MATRIX SPIKE Dissolved Organic Carbon 2013/06/20 NC ( 1 ) % 75 - 125 
Spiked Blank Dissolved Organic Carbon 2013/06/20 99 % 75 - 125 
Method Blank Dissolved Organic Carbon 2013/06/20 ND, RDL=0.1 mg/L 
RPD Dissolved Organic Carbon 2013/06/20 0.1 % 20 

1537121 ADB	 MATRIX SPIKE Total Ammonia-N 2008/06/16 93 % 80 - 120 
Spiked Blank Total Ammonia-N 2008/06/16 105 % 80 - 120 
Method Blank Total Ammonia-N 2008/06/16 ND, RDL=0.05 mg/L 
RPD Total Ammonia-N 2008/06/16 NC % 25 

1537173 ADB	 MATRIX SPIKE Total Ammonia-N 2008/06/16 95 % 80 - 120 
Spiked Blank Total Ammonia-N 2008/06/16 105 % 80 - 120 
Method Blank Total Ammonia-N 2008/06/16 ND, RDL=0.05 mg/L 
RPD Total Ammonia-N 2008/06/16 1.5 % 25 

1537477 AHA	 MATRIX SPIKE Dissolved Organic Carbon 2013/06/08 98 % 75 - 125 
Spiked Blank Dissolved Organic Carbon 2013/06/08 99 % 75 - 125 
Method Blank Dissolved Organic Carbon 2013/06/08 ND, RDL=0.1 mg/L 
RPD Dissolved Organic Carbon 2013/06/08 2.9 % 20 

1537923 DRM	 MATRIX SPIKE Dissolved Chloride (Cl) 2008/06/15 105 % 75 - 125 
Spiked Blank Dissolved Chloride (Cl) 2008/06/15 101 % 80 - 120 
Method Blank Dissolved Chloride (Cl) 2008/06/15 ND, RDL=1 mg/L 
RPD Dissolved Chloride (Cl) 2008/06/15 NC % 20 

1537925 DRM	 MATRIX SPIKE Orthophosphate (P) 2008/06/15 102 % 75 - 125 
Spiked Blank Orthophosphate (P) 2008/06/15 102 % 80 - 120 
Method Blank Orthophosphate (P) 2008/06/15 ND, RDL=0.01 mg/L 
RPD Orthophosphate (P) 2008/06/15 NC % 25 

1537926 DRM	 MATRIX SPIKE Dissolved Sulphate (SO4) 2008/06/15 116 % 75 - 125 
Spiked Blank Dissolved Sulphate (SO4) 2008/06/15 102 % 80 - 120 
Method Blank Dissolved Sulphate (SO4) 2008/06/15 ND, RDL=1 mg/L 
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Client Project #: 3000R-23-32580.10 
P.O. #: 
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Quality Assurance Report (Continued) 
Maxxam Job Number: MA859634 

QA/QC Date 
Batch Analyzed 
Num Init QC Type Parameter yyyy/mm/dd Value Recovery Units QC Limits 

1537926 DRM	 RPD Dissolved Sulphate (SO4) 2008/06/15 NC % 25 
1537931 DRM	 MATRIX SPIKE 

[Z14221-01] Dissolved Chloride (Cl) 2008/06/15 NC ( 1 ) % 75 - 125 
Spiked Blank Dissolved Chloride (Cl) 2008/06/15 100 % 80 - 120 
Method Blank Dissolved Chloride (Cl) 2008/06/15 ND, RDL=1 mg/L 
RPD [ Z 1 4 2 2 1 - 0 1 ] Dissolved Chloride (Cl) 2008/06/15 1.6 % 20 

1537934 DRM	 MATRIX SPIKE 
[Z14221-01] Orthophosphate (P) 2008/06/15 99 % 75 - 125 
Spiked Blank Orthophosphate (P) 2008/06/15 102 % 80 - 120 
Method Blank Orthophosphate (P) 2008/06/15 ND, RDL=0.01 mg/L 
RPD [ Z 1 4 2 2 1 - 0 1 ] Orthophosphate (P) 2008/06/15 NC % 25 

1537935 DRM	 MATRIX SPIKE 
[Z14221-01] Dissolved Sulphate (SO4) 2008/06/15 NC ( 1 ) % 75 - 125 
Spiked Blank Dissolved Sulphate (SO4) 2008/06/15 102 % 80 - 120 
Method Blank Dissolved Sulphate (SO4) 2008/06/15 ND, RDL=1 mg/L 
RPD [ Z 1 4 2 2 1 - 0 1 ] Dissolved Sulphate (SO4) 2008/06/15 0.1 % 25 

1538077 GBU MATRIX SPIKE Dissolved Aluminum (Al) 2008/06/15 102 % 80 - 120 
Dissolved Antimony (Sb) 2008/06/15 108 % 80 - 120 
Dissolved Arsenic (As) 2008/06/15 106 % 80 - 120 
Dissolved Barium (Ba) 2008/06/15 100 % 80 - 120 
Dissolved Beryllium (Be) 2008/06/15 102 % 80 - 120 
Dissolved Boron (B) 2008/06/15 102 % 80 - 120 
Dissolved Cadmium (Cd) 2008/06/15 103 % 80 - 120 
Dissolved Calcium (Ca) 2008/06/15 NC ( 1 ) % 80 - 120 
Dissolved Chromium (Cr) 2008/06/15 103 % 80 - 120 
Dissolved Cobalt (Co) 2008/06/15 100 % 80 - 120 
Dissolved Copper (Cu) 2008/06/15 92 % 80 - 120 
Dissolved Iron (Fe) 2008/06/15 97 % 80 - 120 
Dissolved Lead (Pb) 2008/06/15 98 % 80 - 120 
Dissolved Magnesium (Mg) 2008/06/15 NC % 80 - 120 
Dissolved Manganese (Mn) 2008/06/15 NC % 80 - 120 
Dissolved Molybdenum (Mo) 2008/06/15 112 % 80 - 120 
Dissolved Nickel (Ni) 2008/06/15 95 % 80 - 120 
Dissolved Phosphorus (P) 2008/06/15 106 % 80 - 120 
Dissolved Potassium (K) 2008/06/15 NC % 80 - 120 
Dissolved Selenium (Se) 2008/06/15 103 % 80 - 120 
Dissolved Silicon (Si) 2008/06/15 106 % 80 - 120 
Dissolved Silver (Ag) 2008/06/15 81 % 80 - 120 
Dissolved Sodium (Na) 2008/06/15 NC % 80 - 120 
Dissolved Strontium (Sr) 2008/06/15 NC % 80 - 120 
Dissolved Thallium (Tl) 2008/06/15 100 % 80 - 120 
Dissolved Titanium (Ti) 2008/06/15 107 % 80 - 120 
Dissolved Uranium (U) 2008/06/15 102 % 80 - 120 
Dissolved Vanadium (V) 2008/06/15 107 % 80 - 120 
Dissolved Zinc (Zn) 2008/06/15 96 % 80 - 120 

Spiked Blank Dissolved Aluminum (Al) 2008/06/15 98 % 85 - 115 
Dissolved Antimony (Sb) 2008/06/15 101 % 85 - 115 
Dissolved Arsenic (As) 2008/06/15 101 % 85 - 115 
Dissolved Barium (Ba) 2008/06/15 101 % 85 - 115 
Dissolved Beryllium (Be) 2008/06/15 99 % 85 - 115 
Dissolved Boron (B) 2008/06/15 96 % 85 - 115 
Dissolved Cadmium (Cd) 2008/06/15 102 % 85 - 115 
Dissolved Calcium (Ca) 2008/06/15 101 % 85 - 115 
Dissolved Chromium (Cr) 2008/06/15 99 % 85 - 115 
Dissolved Cobalt (Co) 2008/06/15 97 % 85 - 115 
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QA/QC Date 
Batch Analyzed 
Num Init QC Type Parameter yyyy/mm/dd Value Recovery Units QC Limits 

1538077 GBU Spiked Blank Dissolved Copper (Cu) 2008/06/15 96 % 85 - 115 
Dissolved Iron (Fe) 2008/06/15 96 % 85 - 115 
Dissolved Lead (Pb) 2008/06/15 101 % 85 - 115 
Dissolved Magnesium (Mg) 2008/06/15 103 % 85 - 115 
Dissolved Manganese (Mn) 2008/06/15 98 % 85 - 115 
Dissolved Molybdenum (Mo) 2008/06/15 102 % 85 - 115 
Dissolved Nickel (Ni) 2008/06/15 96 % 85 - 115 
Dissolved Phosphorus (P) 2008/06/15 99 % 85 - 115 
Dissolved Potassium (K) 2008/06/15 103 % 85 - 115 
Dissolved Selenium (Se) 2008/06/15 101 % 85 - 115 
Dissolved Silicon (Si) 2008/06/15 104 % 85 - 115 
Dissolved Silver (Ag) 2008/06/15 100 % 85 - 115 
Dissolved Sodium (Na) 2008/06/15 105 % 85 - 115 
Dissolved Strontium (Sr) 2008/06/15 95 % 85 - 115 
Dissolved Thallium (Tl) 2008/06/15 100 % 85 - 115 
Dissolved Titanium (Ti) 2008/06/15 102 % 85 - 115 
Dissolved Uranium (U) 2008/06/15 99 % 85 - 115 
Dissolved Vanadium (V) 2008/06/15 101 % 85 - 115 
Dissolved Zinc (Zn) 2008/06/15 97 % 85 - 115 

Method Blank Dissolved Aluminum (Al) 2008/06/15 ND, RDL=5 ug/L 
Dissolved Antimony (Sb) 2008/06/15 ND, RDL=0.5 ug/L 
Dissolved Arsenic (As) 2008/06/15 ND, RDL=1 ug/L 
Dissolved Barium (Ba) 2008/06/15 ND, RDL=5 ug/L 
Dissolved Beryllium (Be) 2008/06/15 ND, RDL=0.5 ug/L 
Dissolved Boron (B) 2008/06/15 ND, RDL=10 ug/L 
Dissolved Cadmium (Cd) 2008/06/15 ND, RDL=0.1 ug/L 
Dissolved Calcium (Ca) 2008/06/15 ND, RDL=200 ug/L 
Dissolved Chromium (Cr) 2008/06/15 ND, RDL=5 ug/L 
Dissolved Cobalt (Co) 2008/06/15 ND, RDL=0.5 ug/L 
Dissolved Copper (Cu) 2008/06/15 ND, RDL=1 ug/L 
Dissolved Iron (Fe) 2008/06/15 ND, RDL=100 ug/L 
Dissolved Lead (Pb) 2008/06/15 ND, RDL=0.5 ug/L 
Dissolved Magnesium (Mg) 2008/06/15 ND, RDL=50 ug/L 
Dissolved Manganese (Mn) 2008/06/15 ND, RDL=2 ug/L 
Dissolved Molybdenum (Mo) 2008/06/15 ND, RDL=1 ug/L 
Dissolved Nickel (Ni) 2008/06/15 ND, RDL=1 ug/L 
Dissolved Phosphorus (P) 2008/06/15 ND, RDL=100 ug/L 
Dissolved Potassium (K) 2008/06/15 ND, RDL=200 ug/L 
Dissolved Selenium (Se) 2008/06/15 ND, RDL=2 ug/L 
Dissolved Silicon (Si) 2008/06/15 ND, RDL=50 ug/L 
Dissolved Silver (Ag) 2008/06/15 ND, RDL=0.1 ug/L 
Dissolved Sodium (Na) 2008/06/15 ND, RDL=100 ug/L 
Dissolved Strontium (Sr) 2008/06/15 ND, RDL=1 ug/L 
Dissolved Thallium (Tl) 2008/06/15 ND, RDL=0.05 ug/L 
Dissolved Titanium (Ti) 2008/06/15 ND, RDL=5 ug/L 
Dissolved Uranium (U) 2008/06/15 ND, RDL=0.1 ug/L 
Dissolved Vanadium (V) 2008/06/15 ND, RDL=1 ug/L 
Dissolved Zinc (Zn) 2008/06/15 ND, RDL=5 ug/L 

RPD Dissolved Antimony (Sb) 2008/06/15 NC % 25 
Dissolved Arsenic (As) 2008/06/15 NC % 25 
Dissolved Barium (Ba) 2008/06/15 0.04 % 25 
Dissolved Beryllium (Be) 2008/06/15 NC % 25 
Dissolved Cadmium (Cd) 2008/06/15 NC % 25 
Dissolved Chromium (Cr) 2008/06/15 NC % 25 
Dissolved Cobalt (Co) 2008/06/15 NC % 25 
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1538077 GBU RPD Dissolved Copper (Cu) 2008/06/15 NC % 
Dissolved Lead (Pb) 2008/06/15 NC % 
Dissolved Molybdenum (Mo) 2008/06/15 0.9 % 
Dissolved Nickel (Ni) 2008/06/15 NC % 
Dissolved Selenium (Se) 2008/06/15 NC % 
Dissolved Silver (Ag) 2008/06/15 NC % 
Dissolved Sodium (Na) 2008/06/15 4.3 % 
Dissolved Thallium (Tl) 2008/06/15 NC % 
Dissolved Vanadium (V) 2008/06/15 NC % 
Dissolved Zinc (Zn) 2008/06/15 NC % 

1538173 JDE QC STANDARD Conductivity 2008/06/15 100 % 
Method Blank Conductivity 2008/06/15 ND, RDL=2 umho/cm 
RPD Conductivity 2008/06/15 0.2 % 

1538174 JDE QC STANDARD Alkalinity (Total as CaCO3) 2008/06/15 98 % 
Method Blank Alkalinity (Total as CaCO3) 2008/06/15 ND, RDL=1 mg/L 
RPD Alkalinity (Total as CaCO3) 2008/06/15 0.2 % 

1538185 JDE QC STANDARD Conductivity 2008/06/16 100 % 
Method Blank Conductivity 2008/06/16 ND, RDL=2 umho/cm 
RPD Conductivity 2008/06/16 0.1 % 

1538186 JDE QC STANDARD Alkalinity (Total as CaCO3) 2008/06/16 100 % 
Method Blank Alkalinity (Total as CaCO3) 2008/06/16 ND, RDL=1 mg/L 
RPD Alkalinity (Total as CaCO3) 2008/06/16 0.5 % 

25 
25 
25 
25 
25 
25 
25 
25 
25 
25 

85 - 115 

25 
85 - 115 

25 
85 - 115 

25 
85 - 115 

25 

ND = Not detected 
NC = Non-calculable 
RPD = Relative Percent Difference 
QC Standard = Quality Control Standard 
SPIKE = Fortified sample 
( 1 )    The recovery in the matrix spike was not calculated (NC).  Because of the high concentration of this analyte in the parent sample, the 
relative difference between the spiked and unspiked concentrations is not sufficiently significant to permit a reliable recovery calculation. 
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2008 
Technical Note 4.03 


Cause, Effects and Removal of Inorganic Mineral Precipitates in 

Iron Permeable Reactive Barriers
 

It is known that mineral precipitates will form within a granular iron permeable reactive 
barrier (PRB). The precipitates form due to the change in groundwater chemical conditions 
(increase in pH, reduction in redox potential (Eh), and introduction of Fe+2 ions) that occurs as 
the groundwater moves through the PRB.  This memorandum presents a detailed discussion 
of mineral precipitation reactions, their implications with respect to long-term PRB 
performance, and means to ameliorate the affects of these precipitates. 

Chemistry of Mineral Precipitation 

The corrosion of the iron results in the production of Fe2+ (Reardon, 1995 and Reardon, 
1997). 

Fe0 + 2H2O → Fe2+ + 2OH- + H2(g) (1) 

Most of the ferrous iron (Fe+2) produced due to metal corrosion precipitates within the 
granular iron treatment zone and the total dissolved iron concentration is typically no greater 
downgradient than upgradient.  Iron minerals that may form include iron carbonate (siderite, 
FeCO3), iron hydroxide (Fe(OH)2) and other iron oxyhydrides. Iron hydroxides are converted 
over time to iron oxide (magnetite, Fe3O4) (Odziemkowski et al., 1998): 

Typically, as the pH increases to 9 or higher in the iron treatment zone, bicarbonate (HCO3
-) 

in solution converts to carbonate (CO3
2-) to buffer the pH increase: 

-HCO3 → CO3
2- + H+ (2) 

The carbonate may then combine with cations (Ca2+, Fe2+, and Mg2+) in solution to form 
carbonate precipitates: 

 Aragonite/Calcite: Ca2+ + CO3
2- → CaCO3(s) (3)

 Siderite: Fe2+ + CO3
2- → FeCO3(s) (4) 

In analyses of granular iron cores obtained from field sites with carbonate-rich groundwater, 
both calcite and aragonite, which are forms of calcium carbonate, have been identified as the 
predominant precipitate. 
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Sulphate concentration also decreases in most granular iron PRB field applications.  At high 
Eh, the stable form of sulfur is sulfate (SO4

2-), while at low Eh sulfide (H2S or HS-) is the 
stable form with HS- being predominant at pH greater than 7: 

HS- + 4H2O ↔ SO4
2- + 9H+ + 8e- (5) 

Given the low solubility of iron sulphide (FeS), the hydrogen sulphide produced likely 
precipitates out of solution: 

Fe2+ + HS- → FeS(s) + H+ (6) 

Over time, iron sulphides transform to pyrite (FeS2) and/or marcasite, a polymorph of pyrite. 
Since sulphate reduction may be mediated by biological activity it is typically not observed in 
bench-scale column tests.  However, declines in sulphate concentrations have been observed 
at most field sites as groundwater passes through the iron treatment zones.  Evidence for the 
formation of marcasite in cores from several PRB field sites has been reported (Battelle, 2002; 
Yabusaki et al, 2001). 

Sulphate and other anions may also be incorporated in the precipitates known as green rusts. 
Precipitates of green rust have also been identified by surface analyses of granular iron 
exposed to groundwater (Odziemkowski and Gillham, 1997).  Green rust is a complex 
interlayering of iron(II) iron(III) hydroxides with anions such as carbonate, chloride and 
sulphate. To date, only the carbonate form has been identified on iron samples from field 
sites and generally only in very small quantities. 

Implications with Respect to Long-Term Performance 

From the above discussion, several inferences can be drawn regarding the potential effects of 
mineral precipitation on PRB performance.  For example Wilkin et al (2001) state that 
“upgradient groundwater chemistry and flow rate appear to be the main factors that control 
the rates (and type) of mineral precipitation”.  In Korte (2001), sites with high levels of 
carbonate and sulfate (as well as high oxygen levels, see ETI Technical Note 4.04) are 
identified as being potentially more susceptible to clogging than groundwater with low total 
dissolved solids (TDS).  Similar concerns with respect to high TDS sites are expressed by 
Benner et al (2001). Specifically, these concerns involve the potential for these precipitates to 
reduce the activity of the iron and/or to reduce the permeability through pore clogging.  Zhang 
and Gillham (2005) showed in a long-term column study, that calcium carbonate precipitation 
occurs as a moving front through the iron.  The maximum loss in porosity was about 7% 
initial porosity, followed by no further accumulation.  Lin et al. (2005) used geochemical and 
transport modeling to simulate the long-term change in hydraulic properties in iron PRBs. 
Assuming a typical calcium and alkalinity concentration range and groundwater velocity up to 
0.7 ft/day (0.2 m/day), the modeling has shown that precipitates result in only subtle changes 
in PRB’s porosity and hydraulic conductivity within the first 10 years of operation and the 
most significant changes do not occur until the PRB has operated for at least 30 yrs. These 
general concerns should be viewed in the context of documented field performance. 
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Field experience to date indicates, that at most sites, calcium carbonate represents the largest 
volume of precipitates.  The first recorded core analyses, from pilot-scale systems in Upstate, 
NY and in Denver, CO, containing 100% granular iron revealed porosity losses in the 
upgradient few inches of iron in the range of 10% of the initial porosity, with losses declining 
sharply over the first foot to below 2% (Vogan et al., 1998 and 1999). These porosity losses 
were calculated based on carbonate analyses of retrieved cores.  The porosity losses measured 
in the core samples were consistent with that predicted on the basis of changes in the 
inorganic water chemistry.  Assuming an initial porosity of 0.5, the porosity after 18 months 
(Denver) to 2 years (New York) in the first few inches of the iron zones had declined to about 
0.45. Concurrent field data (VOC and groundwater velocity measurements) indicated that the 
precipitates had not adversely affected system hydraulics and iron reactivity.  Similar or lower 
levels of precipitate have been observed at other sites operating for similar periods of time 
(Blowes et al, 1999; Battelle, 2002). 

Extrapolation from these early coring results indicated that the porosity loss in a thin zone at 
the upgradient interface of the PRB over a 5 to 10 year period would necessitate some form of 
rehabilitation to restore the reactivity and/or hydraulics of the system.  It was not known how 
much total porosity loss would occur as the systems “aged”.  However, recent cores taken 
from one of the same sites as described in Vogan et al (1998) showed no more precipitate 
build-up than originally observed (Battelle, 2002).  Cores taken from the original University 
of Waterloo test site at CFB Borden, Ontario, 10 years after installation (Reynolds, 2002) also 
showed no large degree of precipitate build-up since it was cored, 6 years previously 
(O’Hannesin and Gillham, 1998). Recent laboratory and modelling studies simulating several 
years of PRB operation (Gillham et al, 2001; Smyth et al, 2000; Battelle, 2002) have shown 
that porosity losses will level off at about 10 to 20% of the original porosity over time.  The 
precipitate front slowly moves through the iron zone.  Significantly, most column studies have 
shown considerable decline in VOC reactivity within these precipitated zones (Vikesland et 
al, 2003). Other column studies (e.g. Kamolpornwijit et al, 2003; Gillham et al, 2001) have 
shown that under certain conditions, precipitates could lead to non-uniform flow within the 
iron zone. 

Comparing these laboratory studies to field results is difficult.  In the field, PRBs have been 
performing for 5 years or more (e.g., O’Hannesin and Gillham, 1998; Sorel et al, 2000), with 
no apparent decline in reactive performance.  Indeed, iron material retrieved from the Borden 
test site 10 years after installation is still capable of degrading VOCs (Reynolds, 2002).  Of 
over 90 installations, no site that we are aware of has needed rehabilitation because of loss of 
iron reactivity. Two PRBs evaluated by the U.S. DoD indicate that these PRBs are currently 
performing as designed and were predicted to perform acceptably for at least 30 years 
(NFESC, 2002). 

Given the preponderance of field data, PRBs at most sites should be able to last at least 
10 years with no need for rehabilitation to address the adverse affects of mineral precipitation. 
Economic(s) analyses completed by DuPont Inc., the US DoD and others have shown that if 
rehabilitation activities only need to occur at intervals of about 10 to 15 years, then PRBs will 
be extremely cost-competitive versus pump and treat systems (and likely most other in-situ 
technologies). 
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August 19, 2008 

Tracy Edwards 
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Bench Scale Evaluation Services,” dated March 7, 2008. 

If you have any questions regarding the information presented in this report, please do not 
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XDD, LLC 

Brant A. Smith 
Senior Engineer 

cc: Mike Marley/XDD 
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1.0 INTRODUCTION 
XDD, LLC (XDD) was retained by New Hampshire Ball Bearings (NHBB) to conduct a bench 
scale evaluation of the potential application of in situ chemical oxidation (ISCO) technologies 
catalyzed hydrogen peroxide (CHP or Fenton’s reagent), activated persulfate, and potassium 
permanganate at the South Municipal Water Supply Well Superfund site (Site) in Peterborough, 
New Hampshire.  The bench scale evaluation was conducted in accordance with XDD Proposal 
No. p8007 dated March 7, 2008. 

The Site is located on or near NHBB’s facility on Jaffery Road in Peterborough, New 
Hampshire.  The target contaminants of concern (COCs) include tetrachloroethene (PCE), 1,1,1
trichloroethane (1,1,1-TCA), and trichloroethene (TCE).  The tests for each technology were 
intended to help determine the geochemical compatibility and potential effectiveness in 
degrading the target compounds for each ISCO technology in the presence of two different soil 
samples representing the likely ISCO target area at the Site.  The soil samples were provided to 
XDD by Hull & Associates (Hull), who has also helped coordinate this bench scale evaluation at 
the request of NHBB. 
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2.0 EXPERIMENTAL PROCEDURE 
Two soil samples and groundwater representative of the likely ISCO target area were collected 
by Hull and picked up at the Site by XDD. The soil samples included a tan silty sand and a tan 
sand with silt.  Different soil jars intended to represent the same soil type were homogenized in 
accordance with XDD standard operating procedures.  The soil and groundwater were stored at 
approximately 38 degrees Fahrenheit (◦F) prior to conducting the experiments.  The bench scale 
evaluation was conducted at XDD’s in-house Treatability Laboratory in Stratham, NH. 
Contaminant concentrations on soils were determined using United States Environmental 
Protection Agency (EPA) Method 8260 and were conducted at Spectrum Analytical in Agawam, 
MA. 

Unless otherwise specified, experiments were conducted at 70 ◦F in 40 milliliter (mL) 
borosilicate-glass batch reactors. Approximately two (2) pore volumes of reagent dissolved in 
Site groundwater were applied to the soil unless otherwise noted.  The pore volumes for 40 g of 
the Site silty sand and sand soils were estimated to be approximately 7.0 mL and 6.6 mL, 
respectively.  Residual oxidant for each ISCO technology was determined using iodometric 
titration. Concentrations in reactors with moist/wet soil are normalized to account for the 
moisture content of the soil.  This including adjusting the weight of the soil to subtract for the 
moisture content to allow reporting in terms of dry weight and including the same moisture as a 
dilution for groundwater concentrations. 

Soils for the Injection Simulation tests were spiked  the amount of solution required to achieve a 
concentration of approximately 900 mg chlorinated volatile organic compounds (cVOC)/Kg soil, 
or twice the target concentration of 450 mg/Kg, to account for volatilization.  The cVOC solution 
was made of 87 percent PCE, 7 percent 1,1,1-TCA and 6 percent TCE to match the ratio of the 
contaminants found at the Site as identified by Hull.  The concentration of 450 mg/Kg soil was 
selected based on the use of partitioning coefficients and the highest average groundwater 
concentrations of each of the target contaminants. 

All tests were performed on both soil types.  Refer to Table 1 for an outline of the tests 
performed. 

2.1 ACTIVATED PERSULFATE 

Tests conducted on site soils included: 

•	 Base Buffering Capacity: Various concentrations of sodium hydroxide dissolved in Site 
groundwater were added to separate vials containing 20 g of moist soil.  pH 
measurements were taken after 1 and 7 days of contact time between the sodium 
hydroxide solutions and the soil. The quantity of base required to raise and maintain pH 
>10.5 was assessed (for alkaline activation method).  

•	 Persulfate Stability:  The stability of unactivated, iron-chelate activated, and alkaline 
activated sodium persulfate was evaluated by monitoring residual persulfate in duplicate 
reactors consisting of three different concentrations of sodium persulfate (25 g/L, 50 g/L 
and 100 g/L) dissolved into site groundwater in the presence of 20 g of moist soil.  These 
tests evaluated the appropriate concentration of activator required to facilitate the timely 
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decomposition of the persulfate.  The decomposition of persulfate was evaluated at time 
steps of 1, 4, 7, and 14 days. 

•	 Soil Oxidant Demand:  Soil oxidant demand (SOD), also referred to as non-target oxidant 
demand (NOD), was calculated using the data generated in the Persulfate Stability test by 
estimating the mass (g) of oxidant consumed per kilogram (Kg) of dry soil in each 
reactor.  The estimated moisture content of the soil was used to adjust the weight of wet 
Site soil to estimate the dry soil weight (so that all SOD values are on a dry soil weight 
basis). A comparison of unactivated persulfate in the presence and absence of soil is used 
to calculate the SOD.  The evaluation of persulfate decomposition in the presence of soils 
is used to evaluate the activators. 

•	 Injection Simulation:  The ability of alkaline activated persulfate (the selected activator 
mechanism) to degrade the contaminant matrix observed in Site soils was evaluated in 
duplicate reactors consisting of three different concentrations (25 g/L, 50 g/L, and 100 
g/L) of activated sodium persulfate.   

2.2 POTASSIUM PERMANGANATE 

Tests conducted on site soils included: 

•	 Permanganate Stability:  The stability of permanganate was evaluated by monitoring 
residual permanganate in duplicate reactors consisting of 3 different concentrations of 
sodium permanganate (10 g/L, 25 g/L and 40 g/L) dissolved into site groundwater in the 
presence of 20 g of moist soil.  The decomposition of permanganate was evaluated at 
time steps of 1, 4, 7, and 14 days.   

•	 Soil Oxidant Demand:  SOD was calculated using the data generated in the Permanganate 
Stability test by estimating the mass (g) of oxidant consumed per Kg of dry soil in each 
reactor. The estimated moisture content of the soil was used to adjust the weight of moist 
Site soil to estimate the dry soil weight.  A comparison of permanganate in the presence 
and absence of soil is used to calculate the SOD.  Note that the SOD for persulfate and 
permanganate are usually different values.  

•	 Injection Simulation:  The ability of potassium permanganate to degrade the contaminant 
matrix observed in Site soils was evaluated in duplicate reactors consisting of three 
different concentrations (10 g/L, 25 g/L, and 40 g/L) of potassium permanganate.  

2.3 CATALYZED HYDROGEN PEROXIDE 

Tests conducted on site soils included: 

•	 Acid Buffering Capacity: Various concentrations of sulfuric acid dissolved in Site 
groundwater was added to separate vials containing 20 g of moist soil.  The quantity of 
acid required to lower the subsurface conditions to the target pH (between pH 2.5 and pH 
5.0) was assessed. 

•	 Hydrogen Peroxide Stability: Approximately 6.0 percent hydrogen peroxide was applied 
to reactors containing 20 g of moist soil.  The concentration of hydrogen peroxide was 
monitored in systems with reagent solutions including hydrogen peroxide stabilization 
reagents (citric acid, phytic acid, and ethylenediaminetetraacetic acid [EDTA]).  The 
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stability of hydrogen peroxide, pH, and ORP were evaluated at intermediate time points 
over a 48 hour reaction period. 

•	 Gas and Heat Evolution:  The experimental test conditions were identical to Hydrogen 
Peroxide Stability tests, except that gas and heat evolution was monitored during the 48 
hour reaction period. 

•	 Citric Acid Stability Test:  The stability of citric acid was evaluated by monitoring the 
aqueous concentration of citric acid in duplicate reactors containing 20 g of moist soil 
with and without the addition of 6 percent hydrogen peroxide.  Concentrations of citric 
acid and hydrogen peroxide were monitored in the reactors at time points of 1 hour, 4 
hours, and 20 hours. 

•	 Injection Simulation:  The ability of CHP to degrade the contaminant matrix observed in 
Site soils was evaluated in duplicate reactors consisting of three different concentrations 
(2 percent, 6 percent and 10 percent) of hydrogen peroxide.   
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3.0 RESULTS AND DISCUSSION 
The primary objectives of this bench scale evaluation were to identify the technology best suited 
for the remediation of the Site contaminants and to determine engineering parameters for the 
recommended technology.  A summary of the tests conducted for each technology is presented in 
Table 1. The data generated during this study includes soil analytical data, pH, oxidation-
reduction potential (ORP), and rate of oxidant decomposition.  A summary of the analytical 
laboratory data is presented in Appendix A with the analytical laboratory data reports presented 
in Appendix B. 

3.1 ACTIVATED PERSULFATE 

The treatment of Site soils with activated persulfate involved the evaluation of the following: 

•	 Base Buffering Capacity; 

•	 Persulfate Stability; 

•	 Soil Oxidant Demand; and, 

•	 Injection Simulation. 

3.1.1 BASE BUFFERING CAPACITY 

Figure 1 presents the results from the Base Buffering Capacity test.  Measurements of pH taken 
after 7 days of contact between the sodium hydroxide solution and the soils indicated similar 
base buffering capacities between the two soil types.  The data after 7 days of contact time 
indicate that approximately 0.5 g of sodium hydroxide per Kg of silty sand soil and 0.6 g of 
sodium hydroxide per Kg of sandy soil is required to elevate the pH of the subsurface to greater 
than pH 10.5, where alkaline activation becomes effective. 

3.1.2 PERSULFATE STABILITY (ACTIVATOR OPTIMIZATION) 
The bench scale evaluation considered iron-chelate and alkaline activation of persulfate.  The 
rate of persulfate decomposition in reactors with initial concentrations of 25 g/L, 50 g/L, and 100 
g/L persulfate for soils containing unactivated persulfate, iron activated persulfate, and alkaline 
activated persulfate is presented in Figures 2A, 2B, and 2C, respectively.  The data indicate the 
following: 

•	 Unactivated Persulfate (Figure 2A):  The concentration of persulfate in the control 
reactors was consistent over the course of the experiment.  The concentration of 
unactivated persulfate was generally consistent with the values of the control reactors. 
After 14 days of contact time with Site soils the residual persulfate concentration was 
effectively unchanged from the initial concentration and controls for the sandy soils and 
ranged between 78 to 100 percent of the initial concentration in the presence of the silty 
sand soil sample. 

•	 Iron Activated Persulfate (Figure 2B): The concentration of iron chelate in the control 
reactors (iron, citric acid and persulfate in Site groundwater) decreased over time.  This 
decrease is thought to be due to a kinetically slow reaction with citric acid, which is used 
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to chelate the iron as the control reactors without iron and citric acid did not decrease 
with time.  The concentration of iron chelate activated persulfate in contact with both 
types of site soils was generally consistent with the controls, decreasing gradually with 
time.  After 14 days of contact with Site soils, the residual persulfate concentration was 
between 80 and 85 percent of the initial concentration in the presence of the sand soil 
sample and between 78 and 86 percent of the initial concentration in the presence of the 
silty sand sample. 

•	 Alkaline Activated Persulfate (Figure 2C):  The concentration of persulfate in the control 
reactors for alkaline activated persulfate was relatively consistent over the course of the 
experiment.  The persulfate concentration in the solution in contact with Site soils all 
decreased over time in comparison to the initial concentration and controls.  The 
concentration of persulfate in contact with silty sand soils decreased at a rate greater than 
the concentration of persulfate in contact with the sand soil sample.  The rate of decline 
in the concentrations appears to have increased with concentration.  After 14 days of 
contact time with Site soils the residual persulfate concentration in the presence of sand 
was 86 to 99 percent of the initial concentration and between 71 and 83 percent of the 
initial concentration in the presence of a sample of the silty sand. 

The data indicates that over 70 percent of the sodium persulfate that was initially added to each 
system was present after 14 days of contact with site soils.  This should allow sufficient time the 
distribution of the reagent from an injection location and contact time to allow for contaminant 
dissolution from soils and, potentially, non-aqueous phase product. 

3.1.3 SOIL OXIDANT DEMAND 

Results from SOD tests with 25 g/L, 50 g/L and 200 g/L persulfate for iron and alkaline 
activation systems are presented in Table 2.  The SOD in the presence of silty sand was between 
4.8-24 g/Kg and 3.8-18.3 g/Kg for the alkaline and iron activation systems, respectively.  The 
SOD in the presence of the sand sample ranged between 0-11.3 and 4.7-16.3 g/Kg for the 
alkaline and iron activation systems, respectively.  For both activation methods, the silty sand 
material had a slightly higher SOD than the sand soil sample.  The SOD also increased with 
concentration for both activation methods and both soil types.  SOD increasing with oxidant 
concentration is typical and likely due to concentration based kinetics.  The data for the silty 
sand soil sample is consistent with a low to moderate non-target demand while the sandy soil 
sample is consistent with a low non-target demand. 

3.1.4 INJECTION SIMULATION TESTS 

Alkaline activated persulfate was used in the activated persulfate injection simulation tests.  It 
was selected over iron activation because it is considered to be reactive with PCE, TCE and 
1,1,1-TCA whereas iron activation is not considered as reactive with 1,1,1-TCA.  The data 
presented in Table 3 shows effective treatment (greater than 73 percent reduction) of the target 
contaminants at all concentrations of persulfate in the sand and 100 g/L in the for the silty sand. 
As greater than 50 percent of the initial persulfate dose was still in solution, additional treatment 
of the target contaminants would be expected with additional contact time.   



  
 

 

 

  

 
 
 

   
 

 

 

 

  

 

 

 
 

  
 

DRAFT:  Bench Scale Evaluation Results August 2008
 
South Municipal Water Supply Well Superfund Site, Peterborough, New Hampshire Page 7 


PCE and 1,1,1-TCA were not effectively degraded in the reactors containing silty sand and 25 
g/L and 50 g/L sodium persulfate.  TCE was degraded (65 percent reduction or greater) in these 
systems.  This general lack of treatment of the PCE and 1,1,1-TCA corresponds to a residual 
persulfate concentration greater than 80 percent in each reactor.  Additional contact time or a 
more aggressive activation scheme (higher dose of NaOH) would likely result in treatment of 
PCE and 1,1,1-TCA. 

The ratio of the mass of persulfate (g) consumed to the mass of target compounds degraded (g) is 
referred to as the degradation ratio (g/g).  The degradation ratio for alkaline activated persulfate, 
shown in Table 4, in the presence of the sand soils from the Site ranged from 6 g/g to 34 g/g.  For 
the silty sand soils from the Site, only 100 g/L persulfate had a degradation ratio of 106 g/g.   

3.1.5 ACTIVATED PERSULFATE CONCLUSIONS 

Site soils have exhibited a generally low base buffering capacity and moderate SOD indicating 
that alkaline activated persulfate could be applied at the Site. In addition, alkaline activated 
persulfate was able to successfully treat the target contaminants in the presence of sand soils 
from the Site.  However, the data from the Injection Simulation test in the presence of silty sand 
from the Site is not considered sufficient to proceed to a field pilot study or full scale field 
application. 

3.2 POTASSIUM PERMANGANATE 

The treatment of Site soils with potassium permanganate involved the following tests: 

• Permanganate Stability; 

• Soil Oxidant Demand; and, 

• Injection Simulation. 

3.2.1 PERMANGANATE STABILITY 

The concentration of potassium permanganate with initial concentrations of 10 g/L, 25 g/L and 
40 g/L over time was evaluated in the presence and absence of site soils.  The data, presented in 
Figure 3, indicates that the presence of Site soils did not impact the concentration of 
permanganate over the period evaluated.  After 14 days of contact with Site soils, the residual 
permanganate concentration was between 94 and 97 percent of the initial concentration in the 
presence of the sand soil sample and between 86 and 94 percent of the initial concentration in the 
presence of the silty sand sample. 

The data indicates that over 86 percent of the potassium permanganate that was initially added to 
each system was present after 14 days of contact with site soils.  This indicates that potassium 
permanganate is very stable in the presence of site soils and should be available to react with 
target contaminants.  This also should allow sufficient time the distribution of the reagent from 
an injection location and contact time to allow for contaminant dissolution from soils and, 
potentially, non-aqueous phase product. 

3.2.2 SOIL OXIDANT DEMAND 

Results from SOD tests with 10 g/L, 25 g/L and 40 g/L potassium permanganate are presented in 
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Table 5 The SOD in the presence of silty sand was 0.8 g/Kg, 2.5 g/Kg and 1.8 g/Kg and the sand 
was 0.4 g/Kg, 1.0 g/Kg, and 1.0 g/Kg in the presence of 10 g/L, 25 g/L, and 40 g/L potassium 
permanganate respectively.  Similar to the activated persulfate SOD results, the silty sand 
material had a slightly higher SOD than the sand soil sample.  Atypical from previously observed 
results for SOD, the results in this test did not consistently increase with oxidant concentration. 
This can likely be explained by the low SOD that each system approached.  The data for both 
soil types is consistent with a low non-target demand. 

3.2.3 INJECTION SIMULATION TESTS 

The effectiveness of potassium permanganate in degrading the Site contaminant matrix in the 
presence of Site soils was evaluated in the Injection Simulation test.  These tests evaluated the 
degradation of PCE, 1,1,1-TCA, and TCE with in contact with Site soils and three different 
concentrations (10 g/L, 25 g/L, and 40 g/L) of potassium permanganate.  The data presented in 
Table 6 indicates that at every concentration of permanganate, PCE and TCE concentrations 
were reduced by 97 percent or greater with significant concentrations (70 percent or greater) of 
residual permanganate.  Final concentrations of TCE after treatment with permanganate were 
actually below the detection limit of the analytical method.  However, despite some variability in 
the data (the 1,1,1-TCA result in silty sands at 10 g/L is likely an outlier), 1,1,1-TCA was 
essentially unaffected by treatment with permanganate.  This type of treatment is consistent with 
the known reactivity of permanganate and these compounds.   

The degradation ratio of the cVOCs in the presence of permanganate, presented in Table 7, 
ranged from 4 to 13 g/g. This is within the typically observed range for permanganate and the 
target compounds. 

3.2.4 POTASSIUM PERMANGANATE CONCLUSIONS 

With a low SOD and demonstrated effectiveness in treating PCE and TCE in the presence of Site 
soils, permanganate is well-suited to treat areas of the Site where the remediation of 1,1,1-TCA 
is not considered to be critical. In areas where 1,1,1-TCA does require treatment the data 
indicates that another technology is likely a more appropriate remedial alternative.   

Had additional contact time in the Injection Simulation test been allowed, the residual oxidant at 
the end of the test would likely have resulted in additional treatment of TCE and PCE to even 
lower concentrations. In a field event, the residual permanganate would likely persist until it 
migrated down gradient and contacted either target or non-target demand.  Groundwater with 
residual permanganate will remain a light pink to dark purple color (depending on the 
concentration of permanganate remaining in solution). 

3.3 CATALYZED HYDROGEN PEROXIDE 

The potential field scale application of catalyzed hydrogen peroxide was evaluated on the bench 
scale. The following tests were conducted to develop necessary engineering parameters and to 
test the effectiveness of the technology in treating the Site’s contaminant matrix: 

• Acid Buffering Capacity; 

• Hydrogen Peroxide Stability; 
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• Gas and Heat Evolution; 

• Citric Acid Stability; and, 

• Injection Simulation. 

3.3.1 ACID BUFFERING CAPACITY 

The results from the acid buffering capacity test are provided in Figure 4.  XDD typically targets 
an aquifer pH between pH 3 and pH 5.  The data indicate that there is a slight rebound in the pH 
values with continued contact time with the soils. The data after 7 days of contact indicate that 
approximately 0.8 g of sulfuric acid per Kg of site soil should be sufficient to decrease the pH of 
the aquifer to pH 3.0 and 0.3 g/Kg should be sufficient to achieve an aquifer pH of 4.0 for the 
silty sands and 0.8 g/Kg and 0.2 g/Kg to decrease the system to pH 3.0 and pH 4.0, respectively, 
in the sands. 

3.3.2 HYDROGEN PEROXIDE STABILITY 

The stability of hydrogen peroxide in the presence of site soils was evaluated.  Separate batch-
reactors containing different hydrogen peroxide stabilization reagents and approximately 8 
percent hydrogen peroxide was used in the evaluation.  The results, presented in Figure 5, show 
that hydrogen peroxide without a stabilization agent degraded very rapidly, with between 80 and 
90 percent degraded in the first hour of contact with the Site soils.  The addition of 20 mM or 
greater of citric acid or 20 mM of phytic acid were able to greatly decrease the rate of 
decomposition of hydrogen peroxide, thus sufficiently stabilize the hydrogen peroxide. 

The pseudo-first order half life is for the rate of decomposition of hydrogen peroxide is presented 
in Table 8. To allow for sufficient distribution of hydrogen peroxide and to help control the rate 
of evolution of gas and heat during an injection event, XDD prefers to have the half life of 
hydrogen peroxide to be a minimum of 10 to 15 hrs (depending upon the injection design).  The 
half-life of hydrogen peroxide was observed to be significantly less than that minimum in the 
unstabilized, 5 mM citric acid, and 20 mM EDTA systems.  The half life of hydrogen peroxide 
was greater than that minimum in the 20 mM and 50 mM citric acid and 20 mM phytic acid 
systems.  The difference in the half life of hydrogen peroxide between stabilization with 5 mM 
citric acid and 20 mM citric acid is significant and indicates that successful stabilization of the 
Site soils requires an initial minimum concentration of 20 mM citric acid.   

3.3.3 GAS AND HEAT EVOLUTION 

The decomposition of hydrogen peroxide and degradation of organic material both generate gas. 
The rate at which gas evolved from the various systems tested in the Hydrogen Peroxide 
Stability test was quantified in a separate experiment with the results presented in Figure 6  The 
data show that unstabilized hydrogen peroxide and hydrogen peroxide with EDTA both result in 
the very rapid evolution of a significant quantity of gas.  Increasing the concentration of citric 
acid as a stabilization agent significantly decreases the rate of evolution of gas, while the 
presence of 20 mM phytic acid nearly eliminated the formation of gas in the sand sample and 
resulted in a very low rate of evolution in the silty sand sample. Gas dissipation strategies can be 
employed during field applications to mitigate these effects. 
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Heat evolution was also monitored during this test as the evolution of heat is possible during a 
hydrogen peroxide application. The results, similar to the gas evolution and presented in Figure 
7, show that heat rapidly evolves from the unstabilized hydrogen peroxide and EDTA systems 
while increasing concentration of citric acid decrease the rate of evolution of heat. 

3.3.4 CITRIC ACID STABILITY TEST 

As the Hydrogen Peroxide Stability, Gas Evolution, and Heat Evolution tests all indicated that 
the initial concentration of citric acid was critical to the stabilization of hydrogen peroxide, the 
persistence of 20 mM citric acid was evaluated with the results presented in Table 9.  The data 
indicates that citric acid in the absence of hydrogen peroxide persistence in the aqueous phase at 
very near the initial concentration of 20 mM.  There may be slight partitioning of the citric acid 
onto the silty sand soils, as the result for each time point for that soil type was less than 20 mM 
citric acid with the lowest result of 13 mM after 22 hrs of contact time.  It does appear, as is 
expected, that the reaction with hydrogen peroxide does slowly degrade the citric acid.  It is 
important to note, however, that the citric acid may be degrade to other chelates that perform the 
same function as at no point in the Stability or Gas and Heat Evolution tests did the systems 
behave as if a significant failure is stabilization have occurred. 

3.3.5 INJECTION SIMULATION TEST 

The results from the Injection Simulation test for catalyzed hydrogen peroxide, stabilized with 20 
mM citric acid, are presented in Table 10.  The data indicates that the concentration of the target 
compounds was reduced by greater than 97 percent on the silty sands and greater than 90 percent 
for the sand soil sample for each concentration of hydrogen peroxide evaluated.  Treatment in 
several instances was greater than 99 percent reduction including 6 percent and 10 percent 
hydrogen peroxide in the presence of the silty sand soils and 6 percent in the presence of the sand 
soil sample.  The final concentration for several of the target compounds in these reactors was 
reported as non-detect by Spectrum Analytical at concentrations approaching MCL 
concentrations. 

The degradation ratio for hydrogen peroxide ranged from 15 g/g to 96 g/g.  Degradation ratios 
for hydrogen peroxide can often be misleading as hydrogen peroxide can actually react with 
itself to form oxygen and water.  Thus, after the contamination has been treated, hydrogen 
peroxide is not likely to persist in the subsurface for indefinite amounts of time. 

3.3.6 CATALYZED HYDROGEN PEROXIDE CONCLUSIONS 

When sufficiently stabilized, CHP was very effective at treating all three of the target 
compounds identified at the Site.  A minimum of 20 mM citric acid should be used to stabilized 
the hydrogen peroxide. This stabilization is necessary to allow for the subsurface distribution of 
hydrogen peroxide and to prevent the rapid evolution of gas and heat.  The citric acid stability 
test indicates that the citric acid is not being lost to the soil in the sand soil sample with the 
potential for ~40 percent loss onto soil for the silty sands.  Due to this potential, a higher 
concentration of citric acid should likely be applied in the silty sands.  However, even in the silty 
sands, at no time did the stabilization of hydrogen peroxide appear to fail in the presence of 20 
mM or greater citric acid 
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4.0 RECOMMENDATIONS 
The bench test data supports the conclusion that all three technologies can effectively applied at 
the South Municipal Water Supply Well Superfund Site.  Alkaline activated persulfate was found 
to be effective in treating all three target compounds in the sand soils and likely would have been 
effective in the silty sand soils with additional contact time or more aggressive activation (this 
should be tested further prior to implementation).  Potassium permanganate was very effective in 
treating PCE and TCE and could be used in areas where 1,1,1-TCA does not require treatment. 
CHP was effective in treating PCE, TCE and 1,1,1-TCA when sufficiently stabilized.  The 
results of the tests indicate that a minimum of 20 mM citric acid is required to stabilize the 
hydrogen peroxide. The gas evolution may limit the application of hydrogen peroxide beneath 
structures, but this should be evaluated during the design phase as both increased citric acid 
concentration or the presence of 20 mM phytic acid (which may be costly to implement) 
significantly reduced (less than 50 mL in 48 hr) the rate of gas evolution.  

Based on the results of this evaluation, XDD recommends the following design parameters for 
each technology: 

•	 Alkaline Activated Persulfate: Base buffering capacity of 0.5 g NaOH/Kg for silty sand 
and 0.6 g NaOH/Kg for sand soil types; SOD to vary with concentration. 

•	 Potassium Permanganate:  SOD values were all reported at less than 2.5 g/Kg.  However, 
due to potential variability between the laboratory and field, it is recommended that the 
SOD be assumed to be 2.5 g/Kg for design purposes. 

•	 CHP: Acid buffering capacity was 0.8 g sulfuric acid/Kg for both soil types.  Less could 
be used if a higher pH is specified in the design.  CHP should be stabilized with a 
minimum of 20 mM citric acid. 

In addition, XDD recommends the following: 

•	 A multiple application strategy.  The number of applications should be linked to the 
remedial goal for the site, the concentration of hydrogen peroxide applied and the 
concentration of the contaminant in the target area. 

•	 A phased approach to the remedial application that includes a field demonstration (pilot 
test) to ensure the success of the technology in the field prior to a full scale application. 
The field demonstration can be set up to achieve remedial goals in a specified portion of 
the site, but should include sufficient monitoring to assess the application. 
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Table 1
 
Bench Test Plan
 

South Municipal Water Supply Well Superfund Site, Peterborough, NH
 
XDD Project No. 08007
 

Oxidants Tests Conditions Tested Sample Parameters Analytical Methods 

Persulfate 

Base Buffer Capacity 
(Alkaline Activated Persulfate Only) Various NaOH concentrations with soil pH pH electrode 

Persulfate Stability 

Unactivated Persulfate 
Iron Activated Persulfate 

Alkaline Activated Persulfate 
(Soil and no Soil) 

Residual oxidant Iodometric Titration 

Soil Oxidant Demand (SOD) 
Iron Activated Persulfate 

Alkaline Activated Persulfate 
(Soil and no Soil) 

Residual oxidant Iodometric Titration 

Injection Simulation Alkaline Activated Persulfate 
(Soil) 

VOCs analysis on soil EPA Method 8260 (soil) 
Residual oxidant Iodometric Titration 
pH pH electrode 
ORP (oxidation-reduction potential) ORP electrode 

Potassium 
Permanganate 

Permanganate Stability Potassium Permanganate 
(Soil and no Soil) Residual oxidant Iodometric Titration 

Soil Oxidant Demand (SOD) Potassium Permanganate 
(Soil and no Soil) Residual oxidant Iodometric Titration 

Injection Simulation Potassium Permanganate 
(Soil) 

VOCs analysis on soil EPA Method 8260 (soil) 
Residual oxidant Iodometric Titration 
pH pH electrode 
ORP (oxidation-reduction potential) ORP electrode 

Catalyzed 
Hydrogen 
Peroxide 

(CHP) 

Acid Buffer Capacity Various Sulfuric acid concentrations with soil pH pH electrode 

Peroxide Stability Hydrogen Peroxide 
(Soil and no Soil) 

Residual oxidant Iodometric Titration 
pH pH electrode 
ORP (oxidation-reduction potential) ORP electrode 

Gas/Heat Evolution Test Various Citric acid concentrations with soil pH pH electrode 

Citric Acid Stability Test Citric acid with and without Hydrogen Peroxide 
(Soil and no Soil) 

Residual oxidant Iodometric Titration 
Aqueous citric acid concentrations Spectrophotometer 

Injection Simulation Citric Acid Catalyzed Hydrogen Peroxide 
(Soil) 

VOCs analysis on soil EPA Method 8260 (soil) 
Residual oxidant Iodometric Titration 
pH pH electrode 
ORP (oxidation-reduction potential) ORP electrode 

Notes:
 
VOC = volatile organic compound
 
EPA = United States Environmental Protection Agency
 
Each test was performed on two soil types provided - Silty Sand and Sand.
 

XDD, LLC 8/19/2008 



Table 2
 
Soil Oxidant Demand: Sodium Persulfate
 

South Municipal Water Supply Well Superfund Site, Peterborough, NH
 
XDD Project No. 08007
 

Oxidant Reactors 

Day 14 Soil Oxidant Demand 
(grams oxidant / Kilogram dry soil) 

SILTY SAND SAND 

25 g/L Persulfate 3.8 4.7 

Iron Activated Persulfate 50 g/L Persulfate 6.6 7.0 

100 g/L Persulfate 18.3 16.3 

25 g/L Persulfate 4.8 0 * 

Alkaline Activated Persulfate 50 g/L Persulfate 11.4 0.7 

100 g/L Persulfate 24.4 11.3 

Notes:
 
g/L = grams per liter
 
Reagent solutions occupied 12 mLs in 20 grams moist soil.
 
* When the SOD was calculated adjusting for the soil moisture content, the result was a negative number. 	This is indicative of a low SOD.  XDD would recommend

 assuming a minimuim SOD of 2.5 g/Kg for estimation purposes. 

8/19/2008	 XDD, LLC 



Table 3
 
Injection Simulation Results from Treatment with Alkaline Activated Persulfate
 

South Municipal Water Supply Well Superfund Site, Peterborough, NH
 
XDD Project No. 08007
 

SILTY SAND 

Reactor Residual 
Oxidant (g/L) 

PCE (μg/Kg) 1,1,1-TCA (μg/Kg) TCE (μg/Kg) 
Average % reduction Average % reduction Average % reduction 

Baseline n/a 555,000 n/a 5,265 n/a 11,390 n/a 
Control n/a 259,500 n/a 5,360 n/a 5,990 n/a 

100 g/L Oxidant 52 70,750 73 984 82 984 84 
50 g/L Oxidant 40 538,500 -108 4,975 7 2,080 65 
25 g/L Oxidant 30 265,000 -2 4,005 25 1,700 72 

SAND 

Reactor Residual 
Oxidant (g/L) 

PCE (μg/Kg) 1,1,1-TCA (μg/Kg) TCE (μg/Kg) 
Average % reduction Average % reduction Average % reduction 

Baseline n/a 211,550 n/a 1,401 n/a 2,530 n/a 
Control n/a 460,000 n/a 5,325 n/a 7,760 n/a 

100 g/L Oxidant 68 65,050 86 635 88 635 92 
50 g/L Oxidant 34 156,500 66 824 85 409 95 
25 g/L Oxidant 19 92,200 80 1,212 77 1,212 84 

Notes:
 
g/L = grams per liter
 
μg/Kg = micrograms per kilogram
 
PCE = tetrachloroethene; 1,1,1-TCA = 1,1,1-trichloroethane; TCE = trichloroethene
 
n/a = not applicable
 
green highlighted cells = the compound for one of the two duplicate reactors was not detected at the indicated concentration
 
yellow highlighted cells = the compound for both duplicate reactors was not detected at the indicated concentration
 
% reductions were calculated by comparison with the control.
 
The baseline and control reactors did not contain the activated oxidant.
 
Reagent solutions occupied 18 mLs in 50 grams moist soil.
 
Persulfate was activated with sodium hydroxide at a molar ratio of 2 : 1 (sodium hydroxide : persulfate).
 
Soils were spiked using a vapor deposition approach with target concentrations of 390 mg/Kg PCE, 30 mg/Kg 1,1,1-TCA, and 30 mg/Kg TCE.
 
Baseline reactors were sent for analysis after 0 days of contact time; all other reactors were sent for lab analysis after 14 days of contact time.
 

8/19/2008 XDD, LLC 



Table 4
 
Degradation Ratios: Treatment with Alkaline Activated Persulfate
 

South Municipal Water Supply Well Superfund Site, Peterborough, NH
 
XDD Project No. 08007
 

SILTY SAND 

Reactor 
Residual 
Oxidant 

(g/L) 

Degradation Ratio (grams Persulfate per gram Contaminant) 

PCE 1,1,1-TCA TCE Total COCs 

100 g/L Oxidant 52 112 4,816 4,210 106 

50 g/L Oxidant 40 n/a 10,854 1,069 n/a 

25 g/L Oxidant 30 n/a 179 57 1,675 

SAND 

Reactor 
Residual 
Oxidant 

(g/L) 

Degradation Ratio (grams Persulfate per gram Contaminant) 

PCE 1,1,1-TCA TCE Total COCs 

100 g/L Oxidant 68 35 2,931 1,929 34 

50 g/L Oxidant 34 23 1,527 935 22 

25 g/L Oxidant 19 6 580 364 6 

Notes: 
g/L = grams per liter 
PCE = tetrachloroethene; 1,1,1-TCA = 1,1,1-trichloroethane; TCE = trichloroethene 
COC = contaminant of concern 
Total COCs = PCE + 1,1,1-TCA + TCE 
n/a = experiment indicated there was little to no reduction in contamination in comparison to the control 
Degradation ratios were calculated by comparison with the control. 
Persulfate was activated with sodium hydroxide at a molar ratio of 2 : 1 (sodium hydroxide : persulfate). 
Soils were spiked using a vapor deposition approach with target concentrations of 390 mg/Kg PCE, 30 mg/Kg 1,1,1-TCA,

 and 30 mg/Kg TCE. 
Baseline reactors were sent for analysis after 0 days of contact time; all other reactors were sent for lab analysis after

 14 days of contact time. 

8/19/2008 XDD, LLC 



Table 5
 
Soil Oxidant Demand: Potassium Permanganate
 

South Municipal Water Supply Well Superfund Site, Peterborough, NH
 
XDD Project No. 08007
 

Oxidant Reactors 

Day 14 Soil Oxidant Demand 
(grams oxidant / Kilogram dry soil) 

SILTY SAND SAND 

10 g/L Permanganate 0.8 0.4 

Potassium Permanganate 25 g/L Permanganate 2.5 1.0 

40 g/L Permanganate 1.8 1.0 

Notes:
 
g/L = grams per liter
 
Reagent solutions occupied 12 mLs in 20 grams moist soil.
 
XDD would recommend
 
XDD would recommend assuming a minimuim SOD of 2.5 g/Kg for estimation purposes.
 

8/19/2008 XDD, LLC 



Table 6
 
Injection Simulation Results from Treatment with Potassium Permanganate
 

South Municipal Water Supply Well Superfund Site, Peterborough, NH
 
XDD Project No. 08007
 

SILTY SAND 

Reactor Residual 
Oxidant (g/L) 

PCE (μg/Kg) 1,1,1-TCA (μg/Kg) TCE (μg/Kg) 
Average % reduction Average % reduction Average % reduction 

Baseline n/a 555,000 n/a 5,265 n/a 11,390 n/a 

Control n/a 264,500 n/a 4,240 n/a 5,535 n/a 

40 g/L Oxidant 37 322 100 3,980 6 91 98 

25 g/L Oxidant 19 160 100 4,480 -6 89 98 

10 g/L Oxidant 7 760 100 812 81 88 98 

SAND 

Reactor Residual 
Oxidant (g/L) 

PCE (μg/Kg) 1,1,1-TCA (μg/Kg) TCE (μg/Kg) 
Average % reduction Average % reduction Average % reduction 

Baseline n/a 211,550 n/a 1,401 n/a 2,530 n/a 

Control n/a 169,450 n/a 1,930 n/a 3,080 n/a 

40 g/L Oxidant 35 237 100 1,697 12 82 97 

25 g/L Oxidant 22 456 100 1,620 16 88 97 

10 g/L Oxidant 8 1,094 99 2,095 -9 88 97 

Notes:
 
g/L = grams per liter
 
μg/Kg = micrograms per kilogram
 
PCE = tetrachloroethene; 1,1,1-TCA = 1,1,1-trichloroethane; TCE = trichloroethene
 
n/a = not applicable
 
green highlighted cells = the compound for one of the two duplicate reactors was not detected at the indicated concentration
 
yellow highlighted cells = the compound for both duplicate reactors was not detected at the indicated concentration
 
% reductions were calculated by comparison with the control.
 
The baseline and control reactors did not contain oxidant.
 
Reagent solutions occupied 18 mLs in 50 grams moist soil.
 
Soils were spiked using a vapor deposition approach with target concentrations of 390 mg/Kg PCE, 30 mg/Kg 1,1,1-TCA, and 30 mg/Kg TCE.
 
Baseline reactors were sent for analysis after 0 days of contact time; all other reactors were sent for lab analysis after 14 days of contact time.
 

8/19/2008 XDD, LLC 



Table 7
 
Degradation Ratios: Treatment with Potassium Permanganate
 

South Municipal Water Supply Well Superfund Site, Peterborough, NH
 
XDD Project No. 08007
 

SILTY SAND 

Reactor 
Residual 
Oxidant 

(g/L) 

Degradation Ratio (grams Permanganate per gram Contaminant) 

PCE 1,1,1-TCA TCE Total COCs 

40 g/L Oxidant 37 4 4,216 201 4 

25 g/L Oxidant 19 10 n/a 479 10 

10 g/L Oxidant 7 5 386 243 5 

SAND 

Reactor 
Residual 
Oxidant 

(g/L) 

Degradation Ratio (grams Permanganate per gram Contaminant) 

PCE 1,1,1-TCA TCE Total COCs 

40 g/L Oxidant 35 13 9,780 760 13 

25 g/L Oxidant 22 9 4,723 489 8 

10 g/L Oxidant 8 5 na/ 270 5 

Notes: 
g/L = grams per liter 
PCE = tetrachloroethene; 1,1,1-TCA = 1,1,1-trichloroethane; TCE = trichloroethene 
COC = contaminant of concern 
Total COCs = PCE + 1,1,1-TCA + TCE 
n/a = experiment indicated there was little to no reduction in contamination in comparison to the control 
Degradation ratios were calculated by comparison with the control. 
Soils were spiked using a vapor deposition approach with target concentrations of 390 mg/Kg PCE, 30 mg/Kg 1,1,1-TCA,

 and 30 mg/Kg TCE. 
Baseline reactors were sent for analysis after 0 days of contact time; all other reactors were sent for lab analysis after

 14 days of contact time. 

8/19/2008 XDD, LLC 



Table 8
 
Hydrogen Peroxide Stability Test: Hydrogen Peroxide Half Life
 

South Municipal Water Supply Well Superfund Site, Peterborough, NH
 
XDD Project No. 08007
 

SILTY SAND 

Treatment Half Life1 (hours) R2 

H2O2 0.79 0.886 

H2O2, 5 mM Citric Acid 2.13 0.843 

H2O2, 20 mM Citric Acid 39.6 0.930 

H2O2, 50 mM Citric Acid 70.0 0.941 

H2O2, 20 mM EDTA 0.63 0.402 

H2O2, 20 mM Phytic Acid 102 0.856 

SAND 

Treatment Half Life1 (hours) R2 

H2O2 0.59 0.867 

H2O2, 5 mM Citric Acid 0.53 0.722 

H2O2, 20 mM Citric Acid 42.5 0.909 

H2O2, 50 mM Citric Acid 85.6 0.836 

H2O2, 20 mM EDTA 0.48 0.682 

H2O2, 20 mM Phytic Acid 139 0.912 

Notes: 
1 Based on first order model of hydrogen peroxide decomposition 
H2O2 = hydrogen peroxide 
mM = milliMolar 
EDTA = ethylenediaminetetraacetic acid 
Hydrogen peroxide concentrations were 6%. 
Reagent solutions occupied 8 mLs in 20 grams moist soil. 

8/19/2008 XDD, LLC 



Table 9
 
Citric Acid Stability Test
 

South Municipal Water Supply Well Superfund Site, Peterborough, NH
 
XDD Project No. 08007
 

Reactors Citric Acid (mM) 

1 Hour 4 Hour 22 Hour 

Groundwater 
(no soil) 

no H2O2 21.6 24.5 19.4 

8% H2O2 4.1 16.7 14.3 

SILTY SAND 
no H2O2 15.9 18.4 13.0 

8% H2O2 13.5 8.4 2.5 

SAND 
no H2O2 19.0 22.2 20.0 

8% H2O2 7.6 4.2 4.9 

Reactors Hydrogen Peroxide (%) 

1 Hour 4 Hour 22 Hour 

Groundwater 
(no soil) 

no H2O2 0 0 0 

8% H2O2 8.6 8.5 8.4 

SILTY SAND 
no H2O2 0 0 0 

8% H2O2 7.6 6.4 5.7 

SAND 
no H2O2 0 0 0 

8% H2O2 7.4 6.1 5.5 

Notes: 

H2O2 = hydrogen peroxide
 

mM = milliMolar
 
Reagent solutions occupied 16 mLs in 20 grams moist soil.
 
Aqueous citric acid concentrations were analyzed using a spectrophotometer.
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Table 10
 
Injection Simulation Results from Treatment with Catalyzed Hydrogen Peroxide
 

South Municipal Water Supply Well Superfund Site, Peterborough, NH
 
XDD Project No. 08007
 

SILTY SAND 

Reactor Residual 
Oxidant (%) 

PCE (μg/Kg) 1,1,1-TCA (μg/Kg) TCE (μg/Kg) 
Average % reduction Average % reduction Average % reduction 

Baseline n/a 555,000 n/a 5,265 n/a 11,390 n/a 
Control n/a 585,000 n/a 4,255 n/a 9,635 n/a 

10% H2O2 0.0 30 100 8 100 8 100 
6% H2O2 0.1 145 100 11 100 8 100 
2% H2O2 0.0 7,915 99 137 97 84 99 

SAND 

Reactor Residual 
Oxidant (%) 

PCE (μg/Kg) 1,1,1-TCA (μg/Kg) TCE (μg/Kg) 
Average % reduction Average % reduction Average % reduction 

Baseline n/a 211,550 n/a 1,401 n/a 2,530 n/a 
Control n/a 485,000 n/a 1,705 n/a 3,505 n/a 

10% H2O2 0.1 710 100 83 95 83 98 
6% H2O2 0.0 88 100 8 100 8 100 
2% H2O2 0.1 19,200 96 166 90 238 93 

Notes:
 
g/L = grams per liter
 
μg/Kg = micrograms per kilogram
 
PCE = tetrachloroethene; 1,1,1-TCA = 1,1,1-trichloroethane; TCE = trichloroethene
 
n/a = not applicable
 
H2O2 (%) = hydrogen peroxide (percent)
 
green highlighted cells = the compound for one of the two duplicate reactors was not detected at the indicated concentration
 
yellow highlighted cells = the compound for both duplicate reactors was not detected at the indicated concentration
 
% reductions were calculated by comparison with the control.
 
The baseline and control reactors did not contain the catalyzed oxidant.
 
Reagent solutions occupied 18 mLs in 50 grams moist soil.
 
Hydrogen Peroxide was catalyzed with a 20 milliMolar citric acid solution.
 
Soils were spiked using a vapor deposition approach with target concentrations of 390 mg/Kg PCE, 30 mg/Kg 1,1,1-TCA, and 30 mg/Kg TCE.
 
Baseline reactors were sent for analysis after 0 days of contact time; all other reactors were sent for lab analysis after 7 days of contact time.
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Table 11
 
Degradation Ratios: Treatment with Catalyzed Hydrogen Peroxide
 

South Municipal Water Supply Well Superfund Site, Peterborough, NH
 
XDD Project No. 08007
 

SILTY SAND 

Reactor 
Residual 
Oxidant 

(%) 

Degradation Ratio (grams Hydrogen Peroxide per gram Contaminant) 

PCE 1,1,1-TCA TCE Total COCs 

10% H2O2 0.0 82 11,325 4,996 80 

6% H2O2 0.1 48 6,571 2,897 47 

2% H2O2 0.0 15 2,144 925 15 

SAND 

Reactor 
Residual 
Oxidant 

(%) 

Degradation Ratio (grams Hydrogen Peroxide per gram Contaminant) 

PCE 1,1,1-TCA TCE Total COCs 

10% H2O2 0.1 97 29,015 13,751 96 

6% H2O2 0.0 58 16,486 7,999 57 

2% H2O2 0.1 17.8 5,385 2,538 18 

Notes: 
g/L = grams per liter 
PCE = tetrachloroethene; 1,1,1-TCA = 1,1,1-trichloroethane; TCE = trichloroethene 
COC = contaminant of concern 
Total COCs = PCE + 1,1,1-TCA + TCE 
n/a = experiment indicated there was little to no reduction in contamination in comparison to the control 
Degradation ratios were calculated by comparison with the control. 
Hydrogen Peroxide was catalyzed with a 20 milliMolar citric acid solution. 
Soils were spiked using a vapor deposition approach with target concentrations of 390 mg/Kg PCE, 30 mg/Kg 1,1,1-TCA,

 and 30 mg/Kg TCE. 
Baseline reactors were sent for analysis after 0 days of contact time; all other reactors were sent for lab analysis after

 7 days of contact time. 
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Figure 1
 
Base Buffering Capacity Test
 

South Municipal Water Supply Well Superfund Site, Peterborough, NH
 
XDD Project No. 08007
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Reagent solutions occupied 4 mLs in 20 grams moist soil.
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Figure 2A
 
Sodium Persulfate Stability Test: Unactivated Persulfate
 

South Municipal Water Supply Well Superfund Site, Peterborough, NH
 
XDD Project No. 08007
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Notes:
 
g/L = grams per liter
 
Reagent solutions occupied 12 mLs in 20 grams moist soil.
 
The controls contained no soil.
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Figure 2B
 
Sodium Persulfate Stability Test: Iron Activated Persulfate
 

South Municipal Water Supply Well Superfund Site, Peterborough, NH
 
XDD Project No. 08007
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Notes:
 
g/L = grams per liter
 
Reagent solutions occupied 12 mLs in 20 grams moist soil.
 
The controls contained no soil.
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Figure 2C
 
Sodium Persulfate Stability Test: Alkaline Activated Persulfate
 

South Municipal Water Supply Well Superfund Site, Peterborough, NH
 
XDD Project No. 08007
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Notes:
 
g/L = grams per liter
 
Reagent solutions occupied 12 mLs in 20 grams moist soil.
 
The controls contained no soil.
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Figure 3
 
Potassium Permanganate Stability Test
 

South Municipal Water Supply Well Superfund Site, Peterborough, NH
 
XDD Project No. 08007
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Notes:
 
g/L = grams per liter
 
Reagent solutions occupied 12 mLs in 20 grams moist soil.
 
The controls contained no soil.
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Figure 4
 

Acid Buffering Capacity Test
 

South Municipal Water Supply Well Superfund Site, Peterborough, NH
 
XDD Project No. 08007
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Notes:
 
Kg = kilogram
 
Reagent solutions occupied 4 mLs in 20 grams moist soil.
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Figure 5
 
Hydrogen Peroxide Stability Test
 

South Municipal Water Supply Well Superfund Site, Peterborough, NH
 
XDD Project No. 08007
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Notes:
 
H2O2 = hydrogen peroxide; EDTA = ethylenediaminetetraacetic acid; mM = millimoles per liter
 
Hydrogen peroxide concentrations were 8%.
 
Reagent solutions occupied 8 mLs in 20 grams moist soil.
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Figure 6
 
Hydrogen Peroxide Gas Evolution Test
 

South Municipal Water Supply Well Superfund Site, Peterborough, NH
 
XDD Project No. 08007
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Notes:
 
H2O2 = hydrogen peroxide; EDTA = ethylenediaminetetraacetic acid; mM = millimoles per liter
 
cc = cubic centimeters
 

Hydrogen peroxide concentrations were 8%.
 
Reagent solutions occupied 8 mLs in 20 grams moist soil.
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Figure 7A
 
Heat Evolution Test:  Silty Sand
 

South Municipal Water Supply Well Superfund Site, Peterborough, NH 
XDD Project No. 08007 
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Figure 7B
 
Heat Evolution Test:  Sand
 

South Municipal Water Supply Well Superfund Site, Peterborough, NH 
XDD Project No. 08007 
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H2O2, 5 mM Citric Acid H2O2, 20 mM EDTA H2O2, 20 mM Phytic AcidHydrogen peroxide concentrations were 8%.
 
Reagent solutions occupied 8 mLs in 20 grams moist soil. Control (H2O2, no soil)
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Table A-1
 
Summary of Analytical Results for PCE, 1,1,1-TCA, and TCE: Alkaline Persulfate
 

South Municipal Water Supply Well Superfund Site, Peterborough, NH
 
XDD Project No. 08007
 

SILTY SAND 

Reactor 
PCE (μg/Kg) 1,1,1-TCA (μg/Kg) TCE (μg/Kg) 

Reactor 1 Reactor 2 Average % reduction Reactor 1 Reactor 2 Average % reduction Reactor 1 Reactor 2 Average % reduction 
Baseline 769,000 341,000 555,000 n/a 5,840 4,690 5,265 n/a 13,000 9,780 11,390 n/a 
Control 106,000 413,000 259,500 n/a 1,460 9,260 5,360 n/a 1,780 10,200 5,990 n/a 

100 g/L Oxidant 118,000 23,500 70,750 73 1,790 178 984 82 1,790 178 984 84 
50 g/L Oxidant 615,000 462,000 538,500 -108 5,090 4,860 4,975 7 1,890 2,270 2,080 65 
25 g/L Oxidant 184,000 346,000 265,000 -2 2,640 5,370 4,005 25 1,690 1,710 1,700 72 

SAND 

Reactor 
PCE (μg/Kg) 1,1,1-TCA (μg/Kg) TCE (μg/Kg) 

Reactor 1 Reactor 2 Average % reduction Reactor 1 Reactor 2 Average % reduction Reactor 1 Reactor 2 Average % reduction 
Baseline 89,100 334,000 211,550 n/a 952 1,850 1,401 n/a 1,170 3,890 2,530 n/a 
Control 376,000 544,000 460,000 n/a 4,130 6,520 5,325 n/a 6,080 9,440 7,760 n/a 

100 g/L Oxidant 65,100 65,000 65,050 86 356 914 635 88 356 914 635 92 
50 g/L Oxidant 157,000 156,000 156,500 66 743 905 824 85 420 397 409 95 
25 g/L Oxidant 60,400 124,000 92,200 80 813 1,610 1,212 77 813 1,610 1,212 84 

Notes:
 
g/L = grams per liter
 
μg/Kg = micrograms per kilogram
 
PCE = tetrachloroethene; 1,1,1-TCA = 1,1,1-trichloroethane; TCE = trichloroethene
 
n/a = not applicable
 
green highlighted cells = the compound for one of the two duplicate reactors was not detected at the indicated concentration
 
yellow highlighted cells = the compound for both duplicate reactors was not detected at the indicated concentration
 
% reductions were calculated by comparison with the control.
 
The baseline and control reactors did not contain the activated oxidant.
 
Reagent solutions occupied 18 mLs in 50 grams moist soil.
 
Persulfate was activated with sodium hydroxide at a molar ratio of 2 : 1 (sodium hydroxide : persulfate)
 
Soils were spiked using a vapor deposition approach with target concentrations of 390 mg/Kg PCE, 30 mg/Kg 1,1,1-TCA, and 30 mg/Kg TCE.
 
Baseline reactors were sent for analysis after 0 days of contact time; all other reactors were sent for lab analysis after 14 days of contact time.
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Table A-2
 
Summary of Analytical Results for PCE, 1,1,1-TCA, and TCE: Potassium Permanganate
 

South Municipal Water Supply Well Superfund Site, Peterborough, NH
 
XDD Project No. 08007
 

SILTY SAND 

Reactor 
PCE (μg/Kg) 1,1,1-TCA (μg/Kg) TCE (μg/Kg) 

Reactor 1 Reactor 2 Average % reduction Reactor 1 Reactor 2 Average % reduction Reactor 1 Reactor 2 Average % reduction 
Baseline 769,000 341,000 555,000 n/a 5,840 4,690 5,265 n/a 13,000 9,780 11,390 n/a 
Control 143,000 386,000 264,500 n/a 2,000 6,480 4,240 n/a 2,520 8,550 5,535 n/a 

40 g/L Oxidant 266 378 322 100 3,780 4,180 3,980 6  91  90  91 98 
25 g/L Oxidant 84 236 160 100 2,750 6,210 4,480 -6 84 95 89 98 
10 g/L Oxidant 783 736 760 100 243 1,380 812 81 95 80 88 98 

SAND 

Reactor 
PCE (μg/Kg) 1,1,1-TCA (μg/Kg) TCE (μg/Kg) 

Reactor 1 Reactor 2 Average % reduction Reactor 1 Reactor 2 Average % reduction Reactor 1 Reactor 2 Average % reduction 
Baseline 89,100 334,000 211,550 n/a 952 1,850 1,401 n/a 1,170 3,890 2,530 n/a 
Control 66,900 272,000 169,450 n/a 1,250 2,610 1,930 n/a 2,060 4,100 3,080 n/a 

40 g/L Oxidant 291 182 237 100 2,530 864 1,697 12 85 80 82 97 
25 g/L Oxidant 463 448 456 100 2,180 1,060 1,620 16 89 87 88 97 
10 g/L Oxidant 1,450 738 1,094 99 1,620 2,570 2,095 -9 88 89 88 97 

Notes:
 
g/L = grams per liter
 
μg/Kg = micrograms per kilogram
 
PCE = tetrachloroethene; 1,1,1-TCA = 1,1,1-trichloroethane; TCE = trichloroethene
 
n/a = not applicable
 
green highlighted cells = the compound for one of the two duplicate reactors was not detected at the indicated concentration
 
yellow highlighted cells = the compound for both duplicate reactors was not detected at the indicated concentration
 
% reductions were calculated by comparison with the control.
 
The baseline and control reactors did not contain oxidant.
 
Reagent solutions occupied 18 mLs in 50 grams moist soil.
 
Soils were spiked using a vapor deposition approach with target concentrations of 390 mg/Kg PCE, 30 mg/Kg 1,1,1-TCA, and 30 mg/Kg TCE.
 
Baseline reactors were sent for analysis after 0 days of contact time; all other reactors were sent for lab analysis after 14 days of contact time.
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Table A-3
 
Summary of Analytical Results for PCE, 1,1,1-TCA, and TCE: Catalyzed Hydrogen Peroxide
 

South Municipal Water Supply Well Superfund Site, Peterborough, NH
 
XDD Project No. 08007
 

SILTY SAND 

Reactor 
PCE (μg/Kg) 1,1,1-TCA (μg/Kg) TCE (μg/Kg) 

Reactor 1 Reactor 2 Average % reduction Reactor 1 Reactor 2 Average % reduction Reactor 1 Reactor 2 Average % reduction 
Baseline 769,000 341,000 555,000 n/a 5,840 4,690 5,265 n/a 13,000 9,780 11,390 n/a 
Control 943,000 227,000 585,000 n/a 6,720 1,790 4,255 n/a 17,200 2,070 9,635 n/a 

10% H2O2 44 16 30 100 9 8 8 100 9 8 8 100 
6% H2O2 76 213 145 100 8 14 11 100 8 8 8 100 
2% H2O2 7,240 8,590 7,915 99 139 134 137 97 68 100 84 99 

SAND 

Reactor 
PCE (μg/Kg) 1,1,1-TCA (μg/Kg) TCE (μg/Kg) 

Reactor 1 Reactor 2 Average % reduction Reactor 1 Reactor 2 Average % reduction Reactor 1 Reactor 2 Average % reduction 
Baseline 89,100 334,000 211,550 n/a 952 1,850 1,401 n/a 1,170 3,890 2,530 n/a 
Control 744,000 226,000 485,000 n/a 1,800 1,610 1,705 n/a 5,400 1,610 3,505 n/a 

10% H2O2 629 790 710 100 84 82 83 95 84 82 83 98 
6% H2O2 86 90 88 100 8 9 8 100 8 9 8 100 
2% H2O2 13,500 24,900 19,200 96 185 146 166 90 185 291 238 93 

Notes:
 
g/L = grams per liter
 
μg/Kg = micrograms per kilogram
 
PCE = tetrachloroethene; 1,1,1-TCA = 1,1,1-trichloroethane; TCE = trichloroethene
 
n/a = not applicable
 

H2O2 (%) = hydrogen peroxide (percent)
 
green highlighted cells = the compound for one of the two duplicate reactors was not detected at the indicated concentration
 
yellow highlighted cells = the compound for both duplicate reactors was not detected at the indicated concentration
 
% reductions were calculated by comparison with the control.
 
The baseline and control reactors did not contain the catalyzed oxidant.
 
Reagent solutions occupied 18 mLs in 50 grams moist soil.
 
Hydrogen Peroxide was catalyzed with a 20 milliMolar citric acid solution.
 
Soils were spiked using a vapor deposition approach with target concentrations of 390 mg/Kg PCE, 30 mg/Kg 1,1,1-TCA, and 30 mg/Kg TCE.
 
Baseline reactors were sent for analysis after 0 days of contact time; all other reactors were sent for lab analysis after 7 days of contact time.
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DRAFT:  Bench Scale Evaluation Results August 2008 
South Municipal Water Supply Well Superfund Site, Peterborough, New Hampshire 

Analytical Sample Identification 

Sample ID Test Reagents 
Hydrogen 
Peroxide 

(%) 
Applications 

First Round of Tests with CHP 
Mill-MA 1 Control Control 
Mill-MA 2 Control Control 
Mill-MA 3 Stabilized Hydrogen Peroxide Citric Acid 
Mill-MA 4 Stabilized Hydrogen Peroxide Citric Acid 
Mill-MA 5 Stabilized Hydrogen Peroxide Citric Acid 
Mill-MA 6 Stabilized Hydrogen Peroxide Citric Acid 
Mill-MA 7 Stabilized Hydrogen Peroxide Citric Acid 
Mill-MA 8 Stabilized Hydrogen Peroxide Citric Acid 
Mill-MA 9 Hydrogen Peroxide none 
Mill-MA 10 Hydrogen Peroxide none 
Mill-MA 11 Catalyzed Hydrogen Peroxide Fe 
Mill-MA 12 Catalyzed Hydrogen Peroxide Fe 

0% 
0% 
8% 
8% 
4% 
0% 
1% 
1% 
4% 
4% 
4% 
4% 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

Second Round of Tests with CHP 
Mill-MA 20 Stabilized Hydrogen Peroxide Citric Acid  
Mill-MA 21 Stabilized Hydrogen Peroxide Citric Acid  
Mill-MA 22 Stabilized Hydrogen Peroxide Citric Acid  
Mill-MA 23 Stabilized Hydrogen Peroxide Citric Acid  
Mill-MA 24 Stabilized Hydrogen Peroxide Citric Acid  
Mill-MA 25 Stabilized Hydrogen Peroxide Citric Acid  
Mill-MA 26 Stabilized Hydrogen Peroxide Citric Acid  
Mill-MA 27 Control 
Mill-MA 28 Control 

12% 
12% 
12% 
12% 
8% 
8% 
8% 
0% 
0% 

1 
2 
3 
3 
2 
3 
3 

Activated Persulfate Tests 

Sample ID Test Reagent 
Mixture 

Sodium 
Persulfate 

(g/L) 
Applications 

Mill-MA 100 Control 
Mill-MA 101 Control 
Mill-MA 102 Iron Activated Persulfate Low Fe 
Mill-MA 103 Iron Activated Persulfate Low Fe 
Mill-MA 104 Alkaline Activated Persulfate Low NaOH 
Mill-MA 105 Alkaline Activated Persulfate Low NaOH 
Mill-MA 106 Alkaline Activated Persulfate High NaOH 
Mill-MA 107 Alkaline Activated Persulfate High NaOH 
Mill-MA 108 Iron Activated Persulfate Low Fe 
Mill-MA 109 Iron Activated Persulfate Low Fe 
Mill-MA 110 Alkaline Activated Persulfate Low NaOH 
Mill-MA 111 Alkaline Activated Persulfate Low NaOH 

0 g/L 
0 g/L 

200 g/L 
200 g/L 
200 g/L 
200 g/L 
200 g/L 
200 g/L 
50 g/L 
50 g/L 
50 g/L 
50 g/L 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
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VOC Mass Calculations 
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FOCUSED FEASIBILITY STUDY FOR SOURCE MASS REDUCTION AND PLUME MANAGEMENT
 
SOUTH MUNICIPAL WATER SUPPLY WELL SUPERFUND SITE
 

APPROXIMATED CONTAMINANT MASS IN SOURCE DELINEATION INVESTIGATION AREA
 

APPENDIX I
 
TABLE I-1
 

PCE 

Contaminant Contaminant Contaminant Mass Soil Sorption Distribution Calculated Sorbed Target Zone Target Zone 
Isopleth Zone Zone Volume Ave Conc Volume in Solution in Solution Coefficient Foc Coefficient Concentration Sorbed Mass Sorbed Mass Total PCE Volume Total Mass 

ug/l cubic ft 
Cw 
ug/L 

Vol*Cw*CF 
gal lbs 

Koc 
ml/g % 

Kd 
ml/g 

Cs = KdCw 
ug/g gal lbs gal lbs 

1-10 945,387.65 5.00 0.01 0.09 364.00 0.40 1.46 0.01 0.041 0.554 0.048 0.642 
10-100 970,060.45 50.00 0.07 0.91 364.00 0.40 1.46 0.07 0.421 5.683 0.488 6.590 
100-1000 944,212.25 500.00 0.65 8.83 364.00 0.40 1.46 0.73 4.099 55.312 4.753 64.140 
1000-10000 1,023,739.05 5,000.00 7.09 95.71 364.00 0.40 1.46 7.28 44.441 599.712 51.533 695.422 
10000-100000 360,831.65 50,000.00 25.00 337.34 364.00 0.40 1.46 72.80 156.638 2113.772 181.637 2451.114 
>100000 32,784.80 275,000.00 12.49 168.58 364.00 0.40 1.46 400.40 78.276 1056.304 90.768 1224.882 

Totals 45.31 611.45 283.916 3831.337 329.227 4442.790 

TCE 

Contaminant Contaminant Contaminant Mass Soil Sorption Distribution Calculated Sorbed Target Zone Target Zone 
Isopleth Zone Zone Volume Ave Conc Volume in Solution in Solution Coefficient Foc Coefficient Concentration Sorbed Mass Sorbed Mass Total TCE Volume Total Mass 

ug/l cubic ft 
Cw 
ug/L 

Vol*Cw*CF 
gal lbs 

Koc 
ml/g % 

Kd 
ml/g 

Cs = KdCw 
ug/g gal lbs gal lbs 

1-10 775,216.30 5.00 0.01 0.07 152.00 0.40 0.61 0.00 0.016 0.189 0.022 0.262 
10-100 880,478.05 50.00 0.07 0.82 152.00 0.40 0.61 0.03 0.177 2.148 0.244 2.971 
100-1000 799,539.60 500.00 0.61 7.47 152.00 0.40 0.61 0.30 1.604 19.505 2.218 26.980 
1000-10000 471,033.55 5,000.00 3.62 44.04 152.00 0.40 0.61 3.04 9.448 114.910 13.069 158.947 
10000-100000 38,912.40 50,000.00 2.99 36.38 152.00 0.40 0.61 30.40 7.805 94.928 10.797 131.308 
>100000 0.00 275,000.00 0.00 0.00 152.00 0.40 0.61 167.20 0.000 0.000 0.000 0.000 

Totals 7.29 88.71 19.034 231.492 26.329 320.206 

1,1,1 TCA 

Contaminant Contaminant Contaminant Mass Soil Sorption Distribution Calculated Sorbed Target Zone Target Zone Total 1,1,1-TCA 
Isopleth Zone Zone Volume Ave Conc Volume in Solution in Solution Coefficient Foc Coefficient Concentration Sorbed Mass Sorbed Mass Volume Total Mass 

ug/l cubic ft 
Cw 
ug/L 

Vol*Cw*CF 
gal lbs 

Koc 
ml/g % 

Kd 
ml/g 

Cs = KdCw 
ug/g gal lbs gal lbs 

1-10 826,292.30 5.00 0.01 0.08 126.00 0.40 0.50 0.00 0.01 0.17 0.02 0.24 
10-100 803,761.05 50.00 0.07 0.75 126.00 0.40 0.50 0.03 0.15 1.63 0.21 2.38 
100-1000 967,231.50 500.00 0.81 9.04 126.00 0.40 0.50 0.25 1.75 19.56 2.56 28.60 
1000-10000 282,521.55 5,000.00 2.37 26.41 126.00 0.40 0.50 2.52 5.12 57.12 7.48 83.53 
10000-100000 53,408.70 50,000.00 4.47 49.93 126.00 0.40 0.50 25.20 9.67 107.98 14.15 157.91 
>100000 0.00 275,000.00 0.00 0.00 126.00 0.40 0.50 138.60 0.00 0.00 0.00 0.00 

Totals 7.724 86.216 16.703 186.445 24.427 272.662 

Notes:
 

Surface areas and volumes calculated in CAD using isoconcentration maps presented in the Source Area Delineation Summary Report, November 2007
 

Cw assumed based on median concentration from the isoconcentration interval.
 
Assumed soil porosity of 0.3.
 
Calculations are representative of water saturated aquifer and do not include estimates of VOC mass contained within the vadose zone or bedrock.
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TABLE I-2
 

Suspected DNAPL Zones Zone Area Zone Volume Pore Volume 
DNAPL Occupied 

Pore Space DNAPL DNAPL 

sq. ft cu. ft 
n=0.3 
cu. ft cu. ft gallons pounds 

>100000 Total VOCs 8,554.56 128,318.40 38,495.52 5,774.33 771.97 10,417.41 
>10,000 Total VOCs 22,778.99 341,684.85 102,505.46 512.53 68.52 924.65 

Totals 840.49 11,342.06 

` 

Notes: 
Areas calculated in CAD from isoconcentration maps presented in the Source Area Delineation Summary Report, November 2007. 
DNAPL confirmed near the NE corner of the building within the >100,000 ppb isoconcentration contour; assume DNAPL is present within the limits of the >100,000 contour line. 
DNAPL presence assumed in the areal footprint of the >10,000 ppb isoconcentration interval. 
DNAPL thickness assumed to be 15 feet thick. 
Assume DNAPL occupies 15 percent of the available pore space in the >100,000 isoconcentration volume. 
Assume DNAPL occupies 0.5 percent of the available pore space in the >10,000 ppb volume. 
DNAPL confirmed to be PCE. 
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TABLE I-3
 

PCE 

Contaminant Contaminant Contaminant Mass Soil Sorption Distribution Calculated Sorbed Target Zone Target Zone 
Isopleth Zone Zone Volume Ave Conc Volume in Solution in Solution Coefficient Foc Coefficient Concentration Sorbed Mass Sorbed Mass Total PCE Volume Total Mass 

ug/l cubic ft 
Cw 
ug/L 

Vol*Cw*CF 
gal lbs 

Koc 
ml/g % 

Kd 
ml/g 

Cs = KdCw 
ug/g gal lbs gal lbs 

1-10 289,019.75 5.00 0.002 0.03 364.00 0.40 1.46 0.01 0.013 0.169 0.015 0.196 
10-100 159,883.45 50.00 0.011 0.15 364.00 0.40 1.46 0.07 0.069 0.937 0.080 1.086 
100-1000 128,873.35 500.00 0.089 1.20 364.00 0.40 1.46 0.73 0.559 7.549 0.649 8.754 
1000-10000 113,976.70 5,000.00 0.790 10.66 364.00 0.40 1.46 7.28 4.948 66.768 5.737 77.424 
10000-100000 26,811.25 50,000.00 1.857 25.07 364.00 0.40 1.46 72.80 11.639 157.062 13.496 182.128 
>100000 0.00 275,000.00 0.000 0.00 364.00 0.40 1.46 400.40 0.000 0.000 0.000 0.000 

Totals 2.75 37.10 17.228 232.485 19.977 269.588 

TCE 

Contaminant Contaminant Contaminant Mass Soil Sorption Distribution Calculated Sorbed Target Zone Target Zone 
Isopleth Zone Zone Volume Ave Conc Volume in Solution in Solution Coefficient Foc Coefficient Concentration Sorbed Mass Sorbed Mass Total TCE Volume Total Mass 

ug/l cubic ft 
Cw 
ug/L 

Vol*Cw*CF 
gal lbs 

Koc 
ml/g % 

Kd 
ml/g 

Cs = KdCw 
ug/g gal lbs gal lbs 

1-10 206,307.75 5.00 0.002 0.02 152.00 0.40 0.61 0.00 0.004 0.050 0.006 0.070 
10-100 116,668.00 50.00 0.009 0.11 152.00 0.40 0.61 0.03 0.023 0.285 0.032 0.394 
100-1000 121,505.00 500.00 0.093 1.14 152.00 0.40 0.61 0.30 0.244 2.964 0.337 4.100 
1000-10000 29,598.05 5,000.00 0.228 2.77 152.00 0.40 0.61 3.04 0.594 7.221 0.821 9.988 
10000-100000 0.00 50,000.00 0.000 0.00 152.00 0.40 0.61 30.40 0.000 0.000 0.000 0.000 
>100000 0.00 275,000.00 0.000 0.00 152.00 0.40 0.61 167.20 0.000 0.000 0.000 0.000 

Totals 0.330 4.01 0.861 10.469 1.191 14.481 

1,1,1 TCA 

Contaminant Contaminant Contaminant Mass Soil Sorption Distribution Calculated Sorbed Target Zone Target Zone Total 1,1,1-TCA 
Isopleth Zone Zone Volume Ave Conc Volume in Solution in Solution Coefficient Foc Coefficient Concentration Sorbed Mass Sorbed Mass Volume Total Mass 

ug/l cubic ft 
Cw 
ug/L 

Vol*Cw*CF 
gal lbs 

Koc 
ml/g % 

Kd 
ml/g 

Cs = KdCw 
ug/g gal lbs gal lbs 

1-10 246,408.00 5.00 0.002 0.02 126.00 0.40 0.50 0.00 0.004 0.050 0.007 0.073 
10-100 142,929.45 50.00 0.012 0.13 126.00 0.40 0.50 0.03 0.026 0.289 0.038 0.423 
100-1000 128,166.10 500.00 0.107 1.20 126.00 0.40 0.50 0.25 0.232 2.591 0.339 3.789 
1000-10000 54,631.15 5,000.00 0.458 5.11 126.00 0.40 0.50 2.52 0.990 11.045 1.447 16.153 
10000-100000 0.00 50,000.00 0.000 0.00 126.00 0.40 0.50 25.20 0.000 0.000 0.000 0.000 
>100000 0.00 275,000.00 0.000 0.00 126.00 0.40 0.50 138.60 0.000 0.000 0.000 0.000 

Totals 0.579 6.462 1.252 13.975 1.831 20.437 

Notes:
 

Surface areas and volumes calculated in CAD using isoconcentration maps prepared using data collected in support of the Focused Feasibility Study.
 
Cw assumed based on median concentration from the isoconcentration interval.
 
Assumed soil porosity of 0.3.
 
Calculations are representative of water saturated aquifer and do not include estimates of VOC mass contained within the vadose zone or bedrock.
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TABLE I-4
 

Suspected DNAPL Zones Zone Area Zone Volume Pore Volume 
DNAPL Occupied 

Pore Space DNAPL DNAPL 

sq. ft cu. ft 
n=0.3 
cu. ft cu. ft gallons pounds 

>10,000 Total VOCs 2,558.00 51,160.00 15,348.00 76.74 10.26 138.45 

Totals 10.26 138.45 

` 

Notes:
 
Areas calculated in CAD from isoconcentration maps presented in the Appendix E. 

DNAPL presence assumed in the areal footprint of the >10,000 ppb isoconcentration interval.
 
DNAPL thickness assumed to be 20 feet thick.
 
Assume DNAPL occupies 0.5 percent of the available pore space in the >10,000 ppb volume.
 
DNAPL assumed to be PCE.
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1.0 Introduction 

Elevated concentrations of chlorinated hydrocarbons (Chemicals of Concern: COCs) have been 

detected in groundwater at the South Municipal Water Supply Well Superfund Site located in 

Peterborough, New Hamsphire (Site).  The highest concentrations of COCs are located near and 

beneath the northeastern corner of the New Hampshire Ball Bearings, Inc. (NHBB) 

manufacturing facility.  The Site’s downgradient property boundary is located approximately 800 

feet east of the northeastern building corner, and a public supply well (the South Municipal Well, 

or South Well) is located approximately 1,300 feet to the southeast.  A wetlands/marsh area, 

which receives discharge from the operating groundwater extraction system as well as from an 

un-named stream tributary, is located on the Site to the east of the facility building, while US 

Route 202 and the Contoocook River separate the NHBB property from the South Well.  A Site 

Map depicting the Site’s physical features is presented as Figure 1. 

A computer-based flow and COC-transport simulation of the Site was constructed to assist in 

evaluating the performance of potential remediation options for the Site.  The model was 

designed to evaluate dissolved-phase tetrachloroethylene (PCE) distribution and concentrations 

based upon model reductions in source concentrations as a proxy for the effects of source 

remediation. 

In addition to consideration of the impacts of source reductions, the modeling effort also 

evaluated the potential effects on dissolved-phase COC distributions if the remedial extraction 

wells were deactivated and groundwater production at the South Well were to be reactivated, and 

how the varied operation of these wells might affect contaminant distribution at the Site. 

1 
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The flow modeling was conducted using Waterloo Hydrogeologic’s Visual ModFlow (Version 

4.2), a well-known three-dimensional groundwater flow model that uses code originally 

developed by the USGS (MODFLOW).  MODFLOW is a finite-difference groundwater flow 

model, which can accommodate anisotropic, heterogeneous aquifers in two or three-dimensional 

domains.  The model allows transient flow simulations, and can handle confined, semi-confined, 

or unconfined conditions under active pumping or variable natural flow regimes.  Transport 

modeling was conducted using Visual ModFlow’s onboard MT3DMS module.  MT3D was 

released as a public domain code in 1990, and updated (MT3DMS) in 1998 for the US Army 

Corps of Engineers.  It is a modular three-dimensional multi-species transport model for 

simulation of advection, dispersion and chemical reactions of contaminants in groundwater 

systems and interfaces directly with MODFLOW. 

The construction and evaluation of the model involved several steps including: 

1) Construction of a modeling domain appropriate to the scale and physical properties of the 

Site. 

2) Construction and calibration of a flow model to accurately simulate hydraulic conditions 

in the Site area. 

3) Simulation of COC source area(s) within the model such that existing COC distributions 

delineated at the Site could be approximated within the transport portion of the model. 

4) Sequential reduction of COC source concentrations within the transport model to 

evaluate COC distributions resulting from model source reductions. 

In order to provide as realistic a simulation as possible, the only boundary conditions used in this 

model were precipitation recharge, groundwater extraction and discharge associated with the 

operation of the recovery and production wells, and the interaction of the aquifer with the 

Contoocook River.  No constant head cells were used in this “watershed-type” simulation.  

2 
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2.0 Model Domain Description 

The horizontal model domain was 3,000 meters (east-west) by 3,000 meters (north-south) which 

represents an approximately 3.5 square mile area.  The domain was broken up into 176 rows and 

182 columns such that the finest grid dimensions (in the vicinity of the Site’s COC source and 

dissolved-phase plume area) were approximately 5 meters by 5 meters; grid dimensions in the 

outer area of interest were approximately 10 meters by 10 meters, while grid dimensions in the 

peripheral sections of the model domain reached a maximum of approximately 50 meters by 50 

meters.  The horizontal grid is shown in Figure 2.   

Site stratigraphy was represented in the model through the use of 12 layers, collectively 

representing four primary sedimentary and lithologic units at the Site: two upper unconsolidated 

units and two lower bedrock units.  The upper seven layers of the model represented the two 

unconsolidated units which included a more transmissive series of sediments located near the 

center of the Contoocook river valley, and a less transmissive unit located along the edges of the 

valley.  The selection of the number of layers for these units was an iterative process associated 

with the need to accommodate river cell depths, extraction and production well screen intervals, 

etc., as the model was constructed.  The remaining five layers were used to simulate a lower 

basement unit with very low hydraulic conductivity which effectively defined the lower model 

boundary, and an upper bedrock unit with moderately low hydraulic conductivity which 

represented a weathered and/or fractured transition from the low-permeability basement to the 

more transmissive overlying unconsolidated sediments.  Surface topography for the Site and its 

surroundings were imported to Visual ModFlow via a USGS Digital Elevation Model (DEM) 

3 
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file associated with the Peterborough South, New Hampshire (1997) 7.5-minute quadrangle 

topographic map (quad 193).  Bedrock surface elevations were generated in Surfer, the 

ubiquitous geo-statistical contouring program, using gridded data collected during the 

installation of monitoring wells and soil borings at the Site (see Table 1) and imported into the 

model.  These bedrock surface data were interpolated to the areas without monitoring well/soil 

boring coverage by assuming that the unconsolidated sediments thinned to 2 meters in the 

uplands to the east and west of the Contoocook river valley (and therefore that bedrock 

elevations would rise to within 2 meters of the surface elevation in these areas), and that valley 

sediments to the north and south of the Site would be similar in thickness to the valley sediments 

characterized in the Site area itself.  The vertical model grid layout in the Site’s primary area of 

interest (highest COC concentrations), is presented as Figure 3, and an unconsolidated sediment 

thickness map is presented as Figure 4 (note that the contour intervals are shown in meters).  The 

occasional pockets of unconsolidated sediments in upland areas are due to slight under-estimates 

of hill-top contours within the Surfer interpolations of the bedrock surface. 

3.0 Flow Model Input Parameters and Calibration 

The flow model calibration was a three-step process.  The first step was to calibrate the model to 

conditions which pre-dated any remedial groundwater extraction at the Site (remedial pumping 

was initiated in 1994).  Liquid level data collected on 7/14/1991 and 7/28/1991 were selected for 

the pre-remedy model calibration, generally simulating overall groundwater elevations, 

groundwater flow directions, and the basic interactions between groundwater, precipitation 

recharge and the Contoocook river.  Once the modeled water table elevations reasonably 

matched those measured in July 1991, the modeled aquifer was stressed through the addition of 

4 
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modeled extraction wells EX-4, EX-5 and EX-10 (see Figure 1) and the South Well.  These 

conditions were then compared to measured groundwater elevation data collected 7/21/2004, 

chosen to be seasonally equivalent to the pre-pumping 1991 data set, avoiding unnecessary water 

table elevation variances due to seasonal effects.   

In late 2004, the South Well was undergoing extended operational testing at 100 gallons per 

minute (gpm), while the remediation extraction wells were operating at extraction rates of 

between approximately 27 gpm (EX-10) and 67 gpm (EX-4).  The second calibration step 

included refinement of the flow model input parameters to aid in simulating the effects of the 

aquifer stresses noted above (e.g., water table drawdown local to the extraction wells).   

Calibration step three was conducted in combination with the transport calibration process 

wherein modeled COC source locations and concentrations were iteratively modified to 

approximate current measured COC distributions.  However, the transport of COCs was sensitive 

to flow model variations which included the remediation system and rerouted stream discharge 

rates (and thus aquifer recharge) to the marsh east of the facility building along with aquifer 

conductivity values in the marsh and source areas.  Consequently, additional refinements to the 

flow model input parameters were necessary during this step to help match measured and 

modeled COC distributions. 

The transport model calibration process, in addition to varying flow model inputs and the 

modeled COC source locations and concentrations, also included consideration of COC 
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retardation and degradation rates.  The transport model calibration will be discussed in more 

detail in Section 5.0. 

Initial flow model input parameters were obtained, to the extent possible, from existing Site 

characterization reports which included: 

1. 	Source Area Delineation Summary Report, Hull & Associates, Inc., 2007; 

2. 	Annual Groundwater Monitoring Report, Year 11, Hull & Associates, Inc., 2005; 

3. 	Annual Groundwater Monitoring Report, Year 7, Hull & Associates, Inc., 1995; 

4. 	Supplemental Report for Pre-Design Activities/Ground-water Modeling, Hull & 

Associates, Inc., 1992; 

5. 	Testing & Restoration Study, Aries Engineering, 1999.  

As previously discussed, these initial flow parameters were modified as necessary during the 

model calibration process to produce a better fit between measured and modeled Site 

characteristics.  Individual parameters, and their final value assignments, are discussed in detail 

in the following sections and are summarized in Table 2.  The final flow calibration statistics for 

the Site’s selected target monitoring wells are presented in Figure 5 and the modeled water table 

piezometric surface is presented in Figure 6. 

3.1 Hydraulic Conductivity – Unconsolidated Sediments 

Based on existing data from aquifer testing conducted at this Site, an initial horizontal 

hydraulic conductivity (Kxy) of 120 ft/day (vertical hydraulic conductivity Kz = 12 

ft/day) was selected for the unconsolidated sediments.  This value was reduced to 90 

6 
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ft/day (Kz = 9 ft/day) allowing the model to match the measured drawdown observed in 

monitoring wells MW-2A and MW-2B during the 100 gpm testing phase at the South 

Well.   

It was noted, furthermore, that several Site reports suggested the possibility of spatial K 

variations in the unconsolidated deposits across the Site.  In particular, there were 

indications that K values in the immediate vicinity of the northeast corner of the Site 

facility building might be lower than the sediments to the east of this location.  The 

theory of variable conductivity was supported by the model upon determination that the 

recharge to the aquifer from the extraction system discharge (in the marsh) was 

“splitting” the modeled plume to the north and south around the center of the marsh.  

While measured COC concentrations at the Site also show this split, a homogenous Kxy 

value throughout the area led the model to simulate this split too far to the west (too close 

to the building).  Thus, the K values in the area of the building were sequentially lowered 

until this transport refraction around the marsh area was delayed until the COCs had 

moved closer to the system/re-routed stream discharge area.  The final Kxy value for the 

building area was 20 ft/day (Kz = 2 ft/day).   

For convenience, it was assumed that these lower K value sediments essentially lined the 

eastern and western extents of the river valley, and that the higher K value (Kxy = 90 

ft/day) sediments formed the “core” of the valley sediments.  Little control data exists 

beyond the immediate Site area to support this assumption, however.  An additional 

refinement was made to the vertical hydraulic conductivity (Kz) of the core valley 
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sediments, which was increased from 9 ft/day to 18 ft/day.  This adjustment decreased the 

horizontal and increased the vertical “push” of the water entering the wetlands from the 

treatment system and the re-routed tributary stream discharge points, allowing a slightly 

higher volume of water to displace vertically downward in the vicinity of the discharge 

area. 

3.2 Hydraulic Conductivity – Upper Bedrock Unit 

Initially, there was no model parameter differentiation within the underlying bedrock 

unit.  It was assumed that the bedrock unit was uniformly and poorly transmissive, and 

was arbitrarily assigned a low hydraulic conductivity of 0.10 ft/day (Kxyz).  However, 

using this method, the modeled groundwater elevations in the bedrock wells were 

significantly higher than those measured at the Site.  Consequently, the bedrock was 

separated into two units, an upper unit which contained the screened intervals of the 

Site’s bedrock wells, and a lower basement unit.  The Kxyz value of the upper unit was 

iteratively increased until the modeled and measured values showed better correlation.  

The final upper bedrock Kxyz value chosen was 2 ft/day.  The Kxyz of the lower bedrock 

unit was left at 0.10 ft/day.  Figure 7 presents the final flow calibration statistics for the 

bedrock monitoring wells at the Site. 

3.3 Aquifer Storage Parameters 

Effective and total porosity were set at 25% for the unconsolidated sediments and 5% for 

the bedrock units.  These selections were based on accepted literature values (e.g. Fetter 

2001) and were not modified during the course of the modeling effort. 
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3.4 Precipitation Recharge 

National Weather Service data indicate that the regional rainfall rate in this area is on the 

order of 44 inches per year.  For the initial inputs to the model, it was arbitrarily assumed 

that roughly half of this amount (22 in/yr) would reach the aquifer in the Contoocook 

river valley, and approximately one tenth of this value (4 in/year) would reach the aquifer 

in the upland areas due to higher topographic slopes and vegetation cover densities.  

These values were iteratively modified until the best match between measured and 

modeled water table elevation were obtained.  The final values chosen were 20 inches per 

year in the river valley areas and 2.5 inches per year in the upland areas. 

3.5 River Characteristics 

The Contoocook River is a significant factor affecting the disposition of groundwater 

flow in the immediate area of the Site.  Unfortunately, limited data are available for this 

feature.  The river was modeled using Visual ModFlow’s onboard river package, which 

requires input of river stage, river depth, riverbed thickness and riverbed vertical 

hydraulic conductivity.  River stages were estimated based on stage levels measured to 

the east of the Site where Sharon Road crosses the Contoocook River and typical water 

table elevations in monitoring wells located near the river (e.g. GZ-15U, MW-3A, MW

10U, P-6 and EM-109).  The approximate grade of the river stage along this interval was 

then extrapolated to the remainder of the river within the model domain to the north and 

south of the Site, while also taking surface elevation into account.  Visual ModFlow 

allows the input of river cell “lines” where beginning and ending values are entered for 
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the above-listed parameters, and the software interpolates between these endpoints.  To 

account for topographical variations across the model domain, five separate river cell 

“lines” were utilized.  In each case, however, it was initially assumed that the river was 3 

meters deep, and that the riverbed was 0.25 meters thick.  Riverbed conductance was 

calculated automatically by the software and is based on the riverbed’s vertical hydraulic 

conductivity (Kz) and the size of model cells through which the river passed.  The 

riverbed Kz was assumed to equal half that of the surrounding sediments’ vertical 

hydraulic conductivity (0.5 * 18 ft/d = 9 ft/d) based on an assumption of increased 

stratification, sediment sorting and the introduction of fine sediments along the river 

bottom (this assumption notwithstanding, the flow model results are very insensitive to 

this parameter – See Section 4.0).  Resulting conductance values in river cells in the Site 

vicinity ranged from 550 m
2
/day to 1,100 m

2
/day along the river reach depending on 

whether the river cell was 5m x 10m or 10m x 10m in horizontal extent.  Kz of the river 

cells was not changed independently during the model calibration as it was tied to the Kz 

of the surrounding unconsolidated aquifer.  However, with the initial river depth inputs, 

all modeled COCs not captured by the on-Site recovery wells were discharging to the 

river.  Thus, the depth values were iteratively modified until measured and modeled 

water table elevations produced a good match while still allowing some COCs to migrate 

under the river to areas such as the GZ-13 and MW-11 areas and past the river to the EX

5A area as determined through Site groundwater sampling events.  The final river depth 

was selected to be 0.6 meters (approximately 2 feet).  The location of the river cells near 

the Site are shown in Figure 8. 
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3.6 Remediation System/Re-Routed Stream Discharge 

Under pumping conditions, the flow model was calibrated to Site characteristics which 

included groundwater extraction at EX-4, EX-5A and EX-10.  Groundwater extraction 

rates modeled at these locations were based on remediation system operation averages: 

EX-4 67 gpm 

EX-5A 47 gpm 

EX-10 27 gpm 

Groundwater obtained from these wells is treated on-Site and discharged into the marsh 

to the east of the GZ-104 location.  The model’s initial assumption was that 100% (141 

gpm) of this discharge directly recharged the aquifer under the discharge point.  

Additional discharge to the marsh is from a rerouted tributary which enters the Site along 

the northern property boundary.  This discharge of the tributary is located to the 

northwest of the GZ-105 area, and likely varies in rate depending on season.  However, 

hard data on discharge rate were not available for this model.  It was assumed, initially, 

that the flow rate of the re-routed stream was approximately 100 gpm and that 100% of 

this value directly recharged the aquifer under the discharge point.  Recharge to the 

aquifer at both discharge points was modeled using recharge cells, and recharge rates 

were calculated based on the dimensions of the recharge cells.  System recharge was 

initially spread across 4 (5m x 5m) cells (100 m
2
) to the east of GZ-104 cluster, while re

routed tributary recharge was spread across 4 (5m x 5m) cells (100 m
2
) to the northwest 

of the GZ-105 cluster.  These initial recharge rates, however, induced excessive 

groundwater mounding in the marsh area, and thus were iteratively reduced until 

measured and modeled water table elevations were better correlated and the “pushing” of 
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COCs to the north and south of the discharge area more closely matched existing COC 

distributions.  Additionally, the locations and extents of the two recharge zones were 

modified slightly during the calibration process.  The final values selected were 2160 

in/year across 250 m
2
 (~7 gpm) for the system area recharge and 8437 in/year across 100 

m
2
 (~11 gpm) for the rerouted tributary area: 

2 2 2 3 3 3
2160 in/yr * 250 m  * 1550 in /m  * 0.000579 ft /in  * 7.48 gal/ft  * 0.0000019 yr/min = 6.9 gpm 

2 2 2 3 3 3
8437 in/yr * 100 m  * 1550 in /m  * 0.000579 ft /in  * 7.48 gal/ft  * 0.0000019 yr/min = 10.8 gpm 

It should be noted that the actual distribution of discharge through the marsh is not 

necessarily as distinct as modeled, and that some of the system discharge might be 

recharging in the area of the rerouted tributary discharge and vice-versa.  Additionally, 

system and/or rerouted tributary recharge may be occurring throughout the saturated 

portion of the entire marsh area; system and rerouted tributary discharge which does not 

recharge to the aquifer along with excess surface water runoff from the areas surrounding 

the marsh are discharged directly to Contoocook River in the vicinity of GZ-5 couplet.  

These detailed effects were not quantifiable in the model, and thus the calibration of the 

treatment system and rerouted tributary recharge to the aquifer was limited to the more 

immediate water table elevation effects noted in the vicinity of the discharge areas along 

with the ensuing deflections of COC migration pathways.  The location of the recharge 

cells are shown in Figure 8. 
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4.0 Flow Model Input Parameter Sensitivity Analysis 

Once the final flow model had been constructed according to the calibration processes outlined 

above, a sensitivity analysis was conducted.  Where possible, input parameters were increased 

and decreased by values up to 50% of their calibrated values in 10% increments (except for river 

bed conductance, which was increased by up to 300% in 100% increments and decreased once 

by 50%) and the effects of these changes were gauged as a function of the model’s calibration 

statistics.  Specifically, percent parameter change was compared to the resultant changes in the 

calibration’s residual mean and absolute residual mean.  The calibration’s “goodness of fit” (R
2
) 

and maximum residual values were also noted during this process.  The results of the sensitivity 

analysis are summarized in Table 3, illustrated on Figure 10 and discussed below. 

Parameters tested during the sensitivity analysis included: 

• Uplands Area Recharge; 

• Valley Area Recharge; 

• Valley Hydraulic Conductivity, assuming a constant Kxy to Kz ratio of 5; 

• Valley Vertical Hydraulic Conductivity only, holding Kxy constant; 

• Upper Valley Hydraulic Conductivity, assuming a constant Kxy to Kz ratio of 10; 

• Upper Bedrock Hydraulic Conductivity; and 

• Riverbed Conductance. 

Based on the resulting changes in the calibration statistics, the flow model is not particularly 

sensitive to any of these parameters, although of the parameters evaluated, valley sediment 

hydraulic conductivity and valley precipitation recharge were the most sensitive (see Figure 10).  

Varying the first six parameters in the list by +/- 50% resulted in maximum residual mean 

variations of only 0.5 meters across that portion of the modeled domain which contains 

calibration targets.  The model is quite insensitive to variations in riverbed conductance, as 
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varying this parameter by up to 300% only yielded a maximum residual mean variation of 0.03 

meters.  In all cases, the maximum change in R
2
 value, which can be interpreted as a measure of 

how accurately the model simulates groundwater flow direction, was under 0.03, and the R
2 

value itself remained above 0.93.  Collectively, these data indicate that the primary factor 

affecting groundwater flow mechanics at the Site, as reflected in matching modeled vs. measured 

water table elevations, is likely associated with the surrounding topography, and the interaction 

of the topography with precipitation recharge.  The aforementioned inputs serve to refine the 

results of this interaction.   

Other input parameters which potentially would have a greater effect on the calibration statistics 

are associated with the river cell stages and depths.  Unfortunately, a sensitivity analysis on these 

parameters is outside the scope of the present modeling effort as the stages and depths of the 

individual river “lines” described above cannot be batch-modified, but rather must be re-assigned 

“from scratch” during each new iteration of the sensitivity analysis.  In fact, while the 

conductance value can be batch modified, it can only be modified to one value, and not a range.  

Consequently, in the sensitivity analysis of the riverbed conductance, although the value given in 

Table 3 indicates that the baseline conductance was 550 m
2
/d, it was really either 550 m

2
/d OR 

1,100 m
2
/d as discussed above.  These various values were all changed to 275 m

2
/d for the run 

listed at that value, and all changed to 1100 m
2
/d for the run listed at that value, etc., but do not 

strictly represent equal percentage changes from baseline conditions. 

In any event, the river stage values were essentially taken from measured values, and are 

consequently not as subject to uncertainty as some of the other model input values.  The river 
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depth value, however, is.  Nonetheless, based on the reasonable transport calibration obtained for 

the model, it appears that the value ultimately chosen for this parameter is within acceptable 

limits. 

5.0 Transport Model Calibration 

In order to generate target concentrations for COCs at this Site, historical PCE concentrations 

measured in Site monitoring wells on 2/05, 4/05, 6/05, 3/06, 7/06, and 12/06 were tabulated.  

Maximum PCE concentrations from each sampled monitoring well across this time period, along 

with selected PCE concentrations measured during the source area vertical delineation effort and 

subsequent VP-17 delineation efforts (Jan/Feb 2007 and Apr 2008 PCE data) were used to 

generate a conservative set of calibration targets across the Site.  Measured PCE concentration 

data contouring provided in the 2007 Source Area Delineation Summary Report (Volume I) 

showed that the highest PCE concentrations were located at and under the northeastern corner of 

the Site facility building, with a second potential source area located to the south (near GZ-4R) at 

somewhat lower depths in the aquifer.  These locations were initially selected for the insertion of 

constant-source cells in the model.  As the modeling progressed, it became necessary to add a 

third general source area to the model to generate the PCE concentrations detected to the north of 

GZ-104 in April 2008 along with a minor fourth area to account for PCE concentrations detected 

in the VP-30 location.  Individual source cell concentrations and locations, along with specific 

flow model inputs as discussed above, were iteratively modified over the course of the transport 

model calibration process until an acceptable match between measured and modeled PCE 

concentrations was attained.  Source cell PCE concentrations used were 35, 50, 100 and 120 mg/l 

depending on location and depth in the model.  All of the source cells were located within the top 
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three model layers, with most being present in layer 3 (approximately 10 - 15 feet below the 

water table in most source-area locations).  

The resulting combination of constant-source cell locations and concentrations in the model 

should not necessarily be interpreted as an accurate reflection of the Site’s actual free-phase or 

adsorbed-phase chlorinated solvent distribution.  The constant-source cells are used to simulate 

measured dissolved-phase COC concentrations which result from the dissolution of a free-phase 

and/or adsorbed-phase COC source mass.  The precise location and mass of the COC source may 

not be known, but its effect on the distribution of dissolved-phase COCs can be measured 

(groundwater sampling, etc.).  Typically, while the exact nature of the adsorbed and/or free-

phase source is complex in both mass and distribution, the effects of groundwater flow will tend 

to homogenize resulting dissolved-phase COC concentrations, and a heterogeneously distributed 

COC source will give rise to relatively uniform dissolved-phase concentrations which vary 

predictably with distance from the adsorbed and/or free-phase COC source area.  The modeled 

“constant-source” cells, therefore, refer to constant dissolved COC concentrations, not constant 

adsorbed or free-phase COC mass distributions.  Within the model, the constant-source cells 

presume to provide this transition from a heterogeneous free-phase and/or adsorbed-phase COC 

source mass to a more homogenous and predictable set of dissolved-phase COC concentrations.  

Given the reasonable calibration between measured and modeled dissolved-phase COC 

concentrations and distribution (discussed in further detail below), it can be stated that the 

modeled constant-source cells adequately simulate the Site’s free-phase and adsorbed-phase 

COC source mass’s expression on the dissolved-phase COC distribution, but does not 

necessarily describe the Site’s free-phase or adsorbed-phase COC mass’s location or extent.  
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Nonetheless, since any change to the free-phase and/or adsorbed-phase COC source mass would 

have a consequential effect on the source mass’s expression on the dissolved-phase COC 

concentrations at the Site, the model can, and should, still be used to evaluate potential 

remediation options whether or not the precise distribution of the source mass is currently 

known.  Since the model adequately simulates the dissolved-phase effect of the existing source 

mass, it can be assumed that any remedial change to the source mass can also be simulated 

provided that this change is quantified in its expression on the Site’s dissolved-phase COC 

plume(s).  For example, while modeling the effects of a 70% reduction in the free-phase COC 

mass would not be practical using this model, the effects of reducing the source mass to the point 

where the resultant dissolved-phase COC concentrations in the source area were reduced to 

1,000 µg/L could be simulated.  This latter simulation includes a simplifying assumption that 

source remediation efforts would only affect the concentration, and not the location of resultant 

dissolved-phase COCs.  However, this assumption is conservative in that source remediation 

efforts can reasonably be expected to reduce the spatial extent of adsorbed and/or free-phase 

COCs, which should result in not only lower dissolved COC concentrations, but also in smaller 

plume sizes.  Modeling a lower dissolved concentration within the constant-source cells, while 

not reducing the size of the cell, would provide an additional layer of conservatism to the 

simulation. 

 Figure 11 illustrates the general locations of COC source cells within the model.  Figure 12 

illustrates the model’s simulation of the conservative “present day” PCE plume at this Site.  

Figure 13 quantitatively summarizes the model calibration statistics.  Table 4 summarizes the 

measured calibration target vs. modeled PCE concentrations of the final transport model. 
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While there is some scatter in the transport model’s calibration 1:1 line, the overall shape of, and 


concentrations within the modeled plume (Figure 12) reasonably simulates measured data.  The
 

data scatter is potentially due to a variety of causes, including some of the following:
 

• 	 Conservative (worst-case) target concentrations were chosen for the calibration process.  

These worst-case source concentrations are transient at the Site, but were held constant in 

the model and thus downgradient areas in the model typically exceeded concentration 

targets. 

• 	 The primary source-area PCE calibration was conducted relative to the vertical 

delineation data, obtained from short-screen sampling devices.  The extrapolation of 

these data to downgradient wells with longer screens also likely contributed to slightly 

higher modeled than measured PCE concentrations in the downgradient locations. 

• 	 Despite two general laterally distinct sediment types input to the model which are 

“hosting” the modeled PCE plume, the modeled subsurface is homogenous with depth.  

The actual Site geology is expected to be somewhat more complex, and may give rise to 

preferential migration pathways that cannot be quantified in the model. 

• 	 The detections of dichlorethylene (DCE) and vinyl chloride (VC) in Site groundwater 

suggest that biodegradation is occurring at the Site.  Presently, however, the rate of 

biodegradation cannot be quantified.  The transport model was run using a low 

biodegradation rate (t1/2 = 3 years) and assuming a PCE retardation rate of approximately 

2 based on the chemical characteristics of PCE and measured Site organic carbon 

concentrations (see Table 2).  The effects of biodegradation were harnessed during the 

transport model calibration to lower downgradient PCE concentrations while allowing 

near-source area concentrations to remain high, and thus allowing the model to more 

accurately reflect the data from the vertical delineation sampling (Jan/Feb 2007) without 

completely over-predicting downgradient target concentrations.  However, the balance 

between source concentration and biodegradation rate may be different and variable at 

the Site itself, and thus could also be contributing to the calibration data scatter. 

• 	 Variations in precipitation recharge (seasonal), rerouted tributary recharge (seasonal), and 

remediation system recharge (operational) to the marsh area will have had a significant 

impact on the distribution of COCs at this Site.  Higher recharge rates to this area will 

result in higher lateral divergence (“splitting”) of the plume to the north and south as well 

as increased vertical gradients in the area which will push COCs to lower levels in the 

aquifer.  Lower recharge rates will result in a more cohesive and shallower COC plume.  

Repeated variations in these recharge rates will generate residual COC signatures in 

portions of the Site which may not be reproducible using a steady-state flow field with a 

single set of recharge rates.  

• 	 Various longitudinal dispersivity values ranging from 4 to 10 meters were tested during 

the flow calibration process.  A value of 6 meters provided the best fit between measured 

and modeled PCE concentrations.  However, dispersivity inputs were uniform across all 
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layers (αx = 6 m, αy = 0.6 m, αz = 0.06 m) and the transverse and vertical dispersivities 

were calculated according to Visual ModFlow default ratios.  Insufficient Site data exists 

regarding these parameters to further refine the values, but Site-specific variations in 

dispersivity almost certainly exist.   

• 	 Practical modeling considerations limited the modeled source cell sizes are a minimum of 

5 meters x 5 meters in extent.  It is probable that the actual Site PCE sources differ in 

their size, shape and precise location.  The present source simulation was also limited to 

the more surficial PCE concentrations; bedrock PCE was not strictly considered (e.g. 

PCE concentrations in GZ-4R).   

Nonetheless, the modeled plume shown in Figure 12 was judged sufficiently similar to the worst-

case calibration targets to serve as a conservative baseline from which to assess the downgradient 

effects of various remediation scenarios at the Site. 

6.0 Source Area Concentration Reduction Modeling 

To evaluate the effects of remedial source reductions several model simulations were run using 

the plume shown in Figure 12 as the initial Site PCE distribution.  The initial concentration 

reduction scenarios were as follow: 

Scenario 1 

• 	 initial Site PCE concentrations were defined as shown in Figure 12 

• 	 all source cells were reduced to 5 mg/l,  

• 	 all Site remediation extraction wells were inactivated 

• 	 the system recharge to the marsh was returned to background levels (20 in/yr) 

• 	 the South Well production rate was increased from 100 to 300 gpm 

• 	 the model was run for a period of 10 years (3,650 days) 

Scenario 2 

• 	 all source cells were reduced to 1 mg/l,  

• 	 all other inputs as in Scenario 1 
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The primary result of the modeling in Scenarios 1 and 2 was to show that absent the containment 

effect of the Site’s remedial extraction wells, a residual “slug” of PCE would migrate at 

significant concentrations past the property boundary (herewith defined as monitoring wells 

MW-5A, MW-5B, MW-16U, MW-16M, MW-16L and P-7) and encroach on the South Well 

despite the instantaneous two-order-of-magnitude reduction in source area concentrations.  

Figure 14 illustrates the disposition of the modeled PCE plume at the screened depth of the South 

Well after 7 years of transport following the inactivation of the Site’s remedial extraction wells 

and assuming a 5 mg/l source concentration.  The model indicates that the maximum 

concentration of PCE immediately adjacent the South Well is only 3 µg/l after 7 years of 

transport due to the cross-gradient location of the plume as well as the effects of dilution from 

groundwater to the south.  

The results for Scenario 2 (source concentrations = 1 mg/l) were similar, but with a modeled 

PCE concentration of 2 µg/L adjacent to the South Well intake.  The results from Scenarios 1 

and 2 showed that the residual slug of PCE took approximately 5 to 6 years to leave the NHBB 

property, and that Site PCE concentrations re-established equilibrium with the source 

concentrations within that timeframe (see Figure 15).  The maximum equilibrium PCE 

concentration at the NHBB property boundary for Scenario 1 (source concentrations = 5 mg/l) 

was approximately 350 µg/l (at MW-5B), while the equivalent result from Scenario 2 (source 

concentrations = 1 mg/l) was approximately 75 µg/L.   
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These observations led to the following additional modeling simulations:
 

Scenario 3 

• 	 initial Site PCE concentrations were defined as shown in Figure 12 

• 	 all source cells were reduced to 0.50 mg/l 

• 	 all Site remediation extraction wells remained operational 

• 	 the system recharge to the marsh was kept at operational levels 

• 	 the South Well production rate was set at 275 gpm
1 

• 	 the model was run for a period of 6 years (2190 days) 

Scenario 3a 

• 	 the initial model PCE concentrations were assigned from the last time step of Scenario 3 

(2190 days) 

• 	 all source cells remained at 0.50 mg/l 

• 	 all Site remediation extraction wells were inactivated 

• 	 the system recharge to the marsh was returned to background levels (20 in/yr) 

• 	 the South Well production rate was set at 300 gpm 

• 	 the model was run for a period of 10 years (3650 days) 

Scenario 4 

• 	 all source cells were reduced to 0.10 mg/l,  

• 	 all other inputs as Scenario 3 

Scenario 4a 

• 	 the initial model PCE concentrations were assigned from the last time step of Scenario 4 

• 	 all source cells remained at 0.10 mg/l,  

• 	 all other inputs as Scenario 3a 

It should be noted that scenarios 3, 3a, 4 and 4a were run without the presence of the additional 

source cells located to the north of GZ-104 which were originally inserted to account for the 

1 
The maximum sustainable equilibrium extraction rate at the South Well in this model in combination with the 

operation of the Site extraction wells was 275 gpm. Absent the operation of the extraction wells, the South Well 

could be modeled at equilibrium utilizing an extraction rate of 300 gpm. This effect is primarily a function of model 

limitations with respect to cell rewetting options, which were inactivated during these runs to allow the flow model 

to converge. Without rewetting, once a model cell is dry, it is inactivated, and no further flow to or through this cell 

is possible, and any head loss represented by the evacuated cell is not translated to the remaining aquifer. However, 

since the remediation system containment wells were active during this, and subsequent similar runs, the difference 

in the South Well production rate of 25 gpm was not “felt” by the plume during this portion of the simulation. Once 

the containment wells were inactivated, the South Well production rate was brought back up to 300 gpm to further 

support the model’s conservative bias. 
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elevated PCE concentrations noted in the April 2008 data set collected in support of the focused 

feasibility study (e.g. VP-17, VP-37, VP-39, etc.).  While a separate source mass for this area 

cannot be ruled out, it is also possible that these concentrations were due to migration from the 

area near the northeast corner of the facility building coupled with the effects of subsurface 

heterogeneity and the transient lateral spreading of COCs caused by seasonally variable recharge 

to the marsh area as discussed previously.   

Within the modeled homogenous subsurface, utilizing a single set of dispersivity inputs, it was 

not possible to transmit sufficiently high PCE concentrations from the northeast building corner 

to this secondary area without significantly exceeding lateral target concentrations along the 

migration path.  Consequently, an additional source area was introduced in the model.  However, 

in consideration of the effects of “instantaneous” source area remediation, it was expected that 

significant source mass migration from the northeast building corner area would also be 

eliminated, which would consequently eliminate the need for these “augmentation” source cells 

to the north of GZ-104.  Regardless of the validity of this assumption, an additional modeling 

scenario identical to Scenario 3 but including the augmentation cells was run to determine what 

difference the presence/absence the cells might make in this evaluation.  The results of this 

comparison were that the maximum PCE concentration at the property boundary wells (MW-5A, 

MW-5B, MW-16U, MW-16M, MW-16L and P-7) was 7 µg/l higher in the simulation which 

included the augmentation source cells – a negligible difference within the overall model 

framework. 

22 



 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

DRAFT
 

7.0 Model Scenario Results 

The model indicates that source-area concentrations below approximately 5 mg/l could result in 

PCE concentration levels below 5 µg/L at the intake of the South Well operating at 300 gpm, as 

shown in Figure 14.  The additional source reductions and pumping scenarios provided by 

Scenarios 3a and 4a show that source concentrations between 100 and 500 µg/l reduce COC 

concentrations to below MCLs at the intake of the South Well, and also reduce PCE 

concentrations at the property boundary to below approximately 5 and 25 µg/L, respectively.  

Given the conservative modeled source characteristics, based on maximum (and transient) 

measured concentrations, it is probable that concentrations at the Site boundary would be even 

lower if actual source remediation were to achieve performance similar to the model reductions.  

Figure 16 illustrates the area around the South Well’s intake for Scenario 3a.  Figures 17 and 18 

illustrate the modeled PCE concentrations at the property boundary (as represented by MW-5A, 

MW-5B, MW-16U, MW-16M, MW-16L and P-7) for Scenarios 3a and 4a, respectively.   

7.1 PCE Plume Characteristics in the Absence of South Well Operation 

In the event that the future full-scale operation of the South Well does not occur, 

Scenarios 3a and 4a were re-run with the modeled South Well inactivated.  The primary 

effect of this inactivation is that the modeled PCE plume assumes a higher elevation 

within the unconsolidated aquifer, and as such is more susceptible to interaction with the 

Contoocook River.  Figure 19 illustrates Scenario 3a (source concentrations = 0.50 mg/l) 

with the South Well operating at 300 gpm, while Figure 20 illustrates Scenario 3a with 

the South Well inactivated.  Figure 19 shows how the plume passes beneath the 

Contoocook with limited interaction, while Figure 20 shows a more pronounced 
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deflection of the plume in the vicinity of the river (note that Figure 19 differs from the 

previously discussed Figure 16 in that Figure 19 represents a shallower horizontal slice 

through the aquifer, while Figure 16 shows the characteristics of the plume at the depth of 

the South Well’s intake screen).  Modeled PCE concentrations at the NHBB property 

boundary are not significantly different whether or not the South Well is operational.  

Figure 21 illustrates the modeled PCE concentrations at the property boundary under 

Scenario 3a (as represented by monitoring wells MW-5A and MW-5B) for the Site 

assuming that the South Well is not operational.  Comparison of Figure 19 with Figure 17 

shows that the COC concentration at MW-5B, assuming source remediation to 500 µg/L 

and follow-on residual dissolved COC “slug” containment, is essentially identical no 

matter the operational status of the South Well. 

7.2 Model Limitations 

Numerous simplifying assumptions were made in the selection of input parameters in this 

model.  While every effort was made to provide a conservative bias to these assumptions, 

better understanding of several input parameters would be beneficial in refining the 

results of the model.  Key among these is hydraulic conductivity.  The production rates 

reported for the South Well clearly indicate that the valley sediments are highly 

transmissive, and the flow model calibration supports this contention.  However, while 

the modeled water table elevation calibration is not highly sensitive to changes in 

hydraulic conductivity inputs, groundwater flow velocity is.  Changes in groundwater 

flow velocity, in turn, will have significant effects on PCE transport rates.  
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Biodegradation and retardation rates also directly affect PCE migration rates and thus the 

model outputs.  These parameters, however, are very difficult to quantify directly.  

Nonetheless, they can be inferred if sufficient time-series groundwater sampling data are 

available and groundwater velocities are well characterized. 

An additional issue at this Site which has the potential to incorporate (and/or to have 

incorporated) significant error into the model results involves the remediation system 

discharge to the marsh area.  The historical justification for the discharge of the remedial 

containment system into the marsh area was to help prevent this wetlands feature from 

drying up.  While this is environmentally understandable, the transient discharge of 

significant volumes of water into the middle of a solute plume provides some logistical 

difficulties for groundwater fate and transport modeling, and will continue to provide 

roadblocks in the event the model results are compared to future groundwater sample 

results for verification purposes.  Solute concentration reductions measured in the future 

could be due to various source and solute attenuation and/or remediation mechanisms 

which are readily quantifiable in the model, or, depending on sample location, they could 

be due to transient shifts in plume migration which are considerably less quantifiable.  

Limiting discharge in this area to background precipitation recharge, coupled with 

somewhat more comprehensive time-series groundwater sampling data would 

significantly aid in the refinement of the model and improve its utility as a predictive 

tool.   
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8.0 Summary and Conclusions 

Site topographic, geologic and chemical information were combined to construct a three-

dimensional numerical simulation of the Site’s hydrology and PCE fate and transport 

characteristics.  Measured water table elevations, utilizing only limited model boundary 

conditions in a “watershed-type” modeling approach, were closely simulated by the model.  The 

introduction of PCE source cells into this calibrated flow model, with some limitations, yielded 

an acceptably conservative simulation of existing PCE distributions measured at the Site.  The 

simulation of existing PCE distributions was subsequently used to evaluate PCE distributions 

after reductions in source concentrations under various pumping scenarios.  Within limits 

resulting from simplifying assumptions and input parameter uncertainty, the results of the model 

indicate that dissolved-phase source area PCE concentrations between 100 and 500 µg/l will, 

after some interim time period, be protective of MCLs at the South Well operating at up to 300 

gpm, and will also likely be protective of MCLs at the property boundary. 
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NEW HAMPSHIRE BALL BEARINGS, INC.
 

SOUTH MUNICIPAL WATER SUPPLY WELL SUPERFUND SITE - PETERBOROUGH, NEW HAMPSHIRE
 

TABLE 1
 

SUMMARY OF WELL CONSTRUCTION DETAILS FOR MONITORING WELLS, EXTRACTION WELLS AND PIEZOMETERS
 

WELL / 

PIEZOMETER # DIAMETER NORTHING EASTING 

GROUND 

ELEV. TOC ELEV. 

TOP OF 

SCREEN 

DEPTH 

TOP OF 

SCREEN 

ELEV. 

BOTTOM OF 

SCREEN 

DEPTH 

BOTTOM OF 

SCREEN 

ELEV. 

RISER PIPE 

INTERVAL 

NATURAL 

CAVE 

INTERVAL 

SAND PACK 

INTERVAL 

PELLET 

INTERVAL 

SLURRY 

INTERVAL 

CONCRETE 

INTERVAL 

DEPTH TO 

BEDROCK 

BEDROCK 

ELEV. 

GZ-1U 2 13547.6 13085.5 791.50 793.37 13.2 778.3 23.0 768.5 13.2 - +1.87 N/A 23.0 - 9.3 9.3 - 6.5 N/A 1.5 - 0 38.5 753.0 

GZ-1L 2 13551.1 13076.1 791.70 794.43 25.2 766.5 35.0 756.7 25.0 - +2.73 20.0 - 4.0 25.0 - 23.0 23.0 - 20.0 48.5 - 35.0 3.0 - 0 38.5 753.2 

GZ-1R 6 13545.1 13092.7 791.20 792.07 49 742.2 243.0 548.2 N/A N/A N/A N/A N/A N/A 36.0 755.2 

GZH-2U 2 13674.5 13514.2 783.00 786.51 11.5 774.5 21.5 761.5 11.5 - +3.51 N/A 21.5 - 9.5 9.5 - 7.5 7.5 - 3.0 3.0 - 0 N/A N/A 

GZ-2L 2 13685.3 13514.2 783.30 786.09 27.2 756.1 36.9 746.4 27.2 - +2.79 50.0 - 41.0 38.0 - 24.5 41.0 - 38.0 60.0 - 50.0 3.0 - 0 50.0 733.3 

GZ-3U 2 14106.8 13394.5 779.90 782.56 5.0 774.9 15.0 764.9 5.0 - +2.66 N/A 16.0 - 3.0 3.0 - 2.0 N/A 2.0 - 0 65.0 714.9 

GZ-3L 2 14112.9 13397.5 779.70 782.56 37.0 742.7 47.0 732.7 37.0 - +2.86 ~65.0 - 62.0 47.5 - 35.0 62.0 - 47.5 65.0 3.0 - 0 65.0 714.7 

GZ-3R 6 14109.0 13365.2 780.00 781.23 72 708.0 163.0 617.0 N/A N/A N/A N/A N/A N/A 64.0 716.0 

GZH-4I 2 14378.5 13095.2 786.00 788.58 58.5 727.5 62.5 722.5 58.5 - +2.58 N/A 64.0 - 56.5 56.5 - 54.0 54.0 - 3.0 3.0 - 0 N/A N/A 

GZH-4L 2 14398.0 13086.6 786.30 788.59 68.0 720.3 78.0 708.3 68.0 - +2.29 N/A 78.5 - 66.0 66.0 - 64.0 64.0 - 3.0 3.0 - 0 85.0 701.3 

GZH-4M 2 14392.1 13089.0 786.20 78818.00 40.0 746.2 50.0 736.2 40.0 - +1.98 N/A 50.5 - 38.0 38.0 - 36.0 36.0 - 3.0 3.0 - 0 N/A N/A 

GZH-4U 2 14384.8 13092.5 786.10 788.39 15.0 771.1 25.0 761.1 15.0 - +2.29 N/A 25.0 - 13.0 13.0 - 11.0 11.0 - 3.0 3.0 - 0 N/A N/A 

GZ-4R 6 14365.0 13097.4 786.10 787.39 95.5 690.6 183.0 603.1 N/A N/A N/A N/A N/A N/A 80.0 706.1 

GZ-5L 2 14854.9 13966.3 774.50 774.90 23.0 751.5 33.2 741.3 23.0 - +0.4 ~39.0 - 38.0 38.0 - 21.5 21.5 - 19.5 52.5 - 39.0 2.5 - 0 39.0 735.5 

GZ-5U 2 14855.8 13967.5 774.50 774.82 11.0 763.5 21.0 753.5 11.0 - +0.32 8.5 - 4.0 21.5 - 10.5 10.5 - 8.5 N/A 4.0 - 0 39.0 735.5 

GZ-6U 2 13945.6 13200.9 787.10 789.89 (1) 10.0 777.1 19.5 767.6 10.0 - +0.96 N/A 20.0 - 8.5 8.5 - 6.5 6.5 - 3.0 3.0 - 0 N/A N/A 

GZH-6M 2 13943.7 13216.8 787.10 789.05 28.0 759.1 33.0 754.1 28.0 - +1.95 N/A 33.0 - 26.0 26.0 - 24.0 24.0 - 3.0 3.0 - 0 N/A N/A 

GZH-6L 2 13944.0 13209.3 787.10 789.58 40.0 757.1 50.0 737.1 40.0 - +2.48 N/A 50.5 - 38.0 38.0 - 36.0 36.0 - 3.0 3.0 - 0 50.5 737.7 

GZ-7U 2 14195.5 13138.7 786.20 788.58 10.0 776.2 19.5 766.7 10.0 - +2.38 N/A 20.0 - 8.5 8.5 - 7.5 7.5 - 3.0 3.0 - 0 N/A N/A 

GZ-7L 2 14195.7 13133.3 786.30 788.49 53.1 732.9 63.4 722.9 53.4 - +2.19 66.5 - 63.4 63.4 - 49.5 N/A - 66.5 3.0 - 0 66.0 720.2 

GZH-7M 2 14186.9 13140.6 786.20 788.75 31.0 755.2 41.0 745.2 31.0 - +2.55 N/A 42.0 - 29.0 29.0 - 27.0 27.0 - 3.0 3.0 - 0 N/A N/A 

GZ-8U 2 14103.9 12743.1 798.30 801.39 18.5 779.8 28.2 770.1 18.5 - +3.09 13.0 - 3.0 16.0 16.0 - 13.0 N/A 3.0 - 0 N/A N/A 

GZ-8L 2 14110.1 12742.2 798.20 801.26 31.7 766.5 41.5 756.7 31.7 - +3.06 N/A 41.5 - 30.5 31.5 - 27.0 - 41.5 3.0 - 0 41.0 757.2 

GZ-9U 2 13561.0 14359.6 775.20 777.52 (1) 7.3 767.9 17.3 757.9 7.3 - +1.19 N/A 17.3 - 5.0 5.0 - ? N/A ? - 0 96.0 679.2 

GZ-9L 2 13553.3 14353.1 775.50 776.22 60.0 715.5 70.0 705.5 30.0 - +0.72 95.0 - 55.0 N/A N/A 95.0 ? - 0 96.0 679.5 

GZ-9R 6 13550.9 14373.9 775.40 776.39 107 668.4 153.0 622.4 N/A N/A N/A N/A N/A N/A 96.0 679.4 

GZ-10R 6 14003.9 14051.7 772.60 774.65 83 689.6 133.0 639.6 N/A N/A N/A N/A N/A N/A 70.0 702.6 

GZ-12R 6 14444.1 14001.2 773.60 774.65 84 689.6 163.0 610.6 N/A N/A N/A N/A N/A N/A 74.0 699.6 

GZ-13U 2 14380.2 14396.4 772.10 774.07 (1) 4.5 767.6 14.0 758.1 4.6 - +1.35 N/A 14.0 - 3.0 N/A N/A 3.0 - 0 N/A N/A 

GZ-13M 2 14383.7 14400.8 772.10 774.92 17.0 755.1 42.0 730.1 17.0 - +2.82 N/A 42.6 - 14.7 14.7 - 11.0 66.7 - 42.6 3.0 - 0 N/A N/A 

GZ-13L 2 14389.7 14404.5 772.30 775.19 42.0 730.3 67.0 705.3 42.0 - +2.89 N/A 69.0 - 40.0 40.0 - 37.0 90.0 - 69.0 3.0 - 0 80.5 691.8 

GZ-13R 6 14387.5 14390.5 772.00 773.55 90 682.0 130.0 642.0 N/A N/A N/A N/A N/A N/A 79.0 693.0 

GZ-14U 2 14056.9 14544.0 772.40 77546.00 8.0 764.4 17.5 754.9 8.0 - +3.06 18.5 - 4.0 N/A 4.0 - 3.0 N/A 3.0 - 0 N/A N/A 

GZ-14L 2 14060.1 14544.0 772.40 775.46 8.0 764.4 17.5 754.9 8.0 - +3.06 18.5 - 4.0 N/A 14.0 - 12.0 102.0 - 70.0 3.0 - 0 90.0 682.3 

GZ-14R 6 14070.7 14545.4 772.10 773.74 95 677.1 163.0 609.1 N/A N/A N/A N/A N/A N/A 89.5 682.6 

GZ-15U 2 13560.6 14140.1 77.40 779.87 (1) 5.0 772.4 24.0 753.4 5.0 - 0.18 N/A 24.0 - 4.0 4.0 - 1.5 N/A 1.5 - 0 N/A N/A 

GZ-15L 2 13563.7 14135.0 777.50 778.45 (1) 24.0 753.5 85.0 682.5 24.0 - +0.3 85.0 - 21.0 86.0 - 85.0 21.0 - 17.0 100.0 - 86.0 0.5 - 0 89.0 688.5 

GZ-15R 6 13554.4 14147.6 776.60 778.61 96 680.6 173.0 603.6 N/A N/A N/A N/A N/A N/A 86.0 690.6 

GZ-101U 2 13916.9 12937.0 797.70 797.34 17.0 780.9 32.0 765.9 17.0 - 0.56 N/A ? - 15.0 15.0 - 13.0 13.0 - ? ? - 0 N/A N/A 

GZH-101M 2 13913.4 12929.6 798.20 798.02 34.5 763.7 44.5 753.7 33.5 - 0.18 N/A 44.5 - 33.5 33.5 - 31.5 31.5 - 3.0 3.0 - 0 N/A N/A 

GZ-101L 2 13917.8 12942.1 797.90 797.13 45.5 752.4 55.5 742.4 45.5 - 0.77 N/A ? - 43.5 43.5 - 41.5 ? ? - 0 57.5 740.4 

GZ-102U - 14308.3 12770.4 797.40 Abandoned 75.0 722.4 

GZ-102L - 14314.6 12769.0 797.33 Abandoned 75.0 721.3 

GZ-103U 2 14382.1 12884.2 795.40 794.94 15.5 779.9 30.5 764.9 15.5 - 0.46 N/A ? - 13.0 13.0 - 10.5 10.5 - 3.0 3.0 - 0 N/A N/A 

GZ-103L 2 14383.0 12888.3 795.40 794.87 78.0 717.4 88.0 707.4 78.0 - 0.53 N/A ? - 76.0 76.0 - 74.0 90.0 - ? 3.0 - 0 80.0 715.4 

GZ-104U 2 14437.0 13307.8 781.19 780.88 35.0 746.2 45.0 736.19 35.0 - 0.31 N/A 46.0 - 33.0 33.0 - 31.0 31.0 - 3.0 3.0 - 0 N/A N/A 

GZH-104M 2 14442.5 13294.1 781.40 781.24 53.0 727.4 58.0 723.4 53.0 - 0.16 58.5 - 57.5 57.5 - 51.0 51.0 - 49.0 49.0 - 3.0 3.0 - 0 N/A N/A 

GZ-104L 2 14443.7 13305.7 781.10 780.70 88.0 693.1 98.0 683.1 88.0 - 0.40 N/A ? - 86.0 86.0 - 84.0 103.0 - ? 3.0 - 0 N/A N/A 

Page 1 of 3 

Tim Douthit




  

 

 

 

  

 

  

 

  

 

  

   

 

 

 

        

    

 

           

          

            

          

          

           

          

            

         

         

        

          

  

        

        

           

          

         

         

           

         

          

          

            

          

          

          

          

           

           

           

           

         

         

         

   

NEW HAMPSHIRE BALL BEARINGS, INC.
 

SOUTH MUNICIPAL WATER SUPPLY WELL SUPERFUND SITE - PETERBOROUGH, NEW HAMPSHIRE
 

TABLE 1
 

SUMMARY OF WELL CONSTRUCTION DETAILS FOR MONITORING WELLS, EXTRACTION WELLS AND PIEZOMETERS
 

WELL / 

PIEZOMETER # DIAMETER NORTHING EASTING 

GROUND 

ELEV. TOC ELEV. 

TOP OF 

SCREEN 

DEPTH 

TOP OF 

SCREEN 

ELEV. 

BOTTOM OF 

SCREEN 

DEPTH 

BOTTOM OF 

SCREEN 

ELEV. 

RISER PIPE 

INTERVAL 

NATURAL 

CAVE 

INTERVAL 

SAND PACK 

INTERVAL 

PELLET 

INTERVAL 

SLURRY 

INTERVAL 

CONCRETE 

INTERVAL 

DEPTH TO 

BEDROCK 

BEDROCK 

ELEV. 

GZ-105U 2 14301.4 13394.3 779.80 779.44 25.0 754.8 35.0 744.8 25.0 - 0.36 N/A ? - 23.0 23.0 - 21.0 21.0 - 3.0 3.0 - 0 N/A N/A 

GZH-105M 2 14297.7 13397.5 779.90 779.66 35.0 744.9 40.0 739.9 35.0 - 0.24 N/A 40.5 - 33.0 33.0 - 31.0 31.0 - 3.0 3.0 - 0 N/A N/A 

GZ-105L 2 14290.1 13397.4 779.70 779.44 72.5 707.2 82.5 697.2 72.5 - 0.26 N/A ? - 71.0 71.0 - 69.0 69.0 - 3.0 3.0 - 0 90.0 689.7 

P-1 2 14295.8 13665.3 772.50 773.85 15.0 757.5 30.0 752.2 15.0 - +1.35 N/A 30.5 - 13.0 13.0 - 11.0 11.0 - 3.0 3.0 - 0 N/A N/A 

P-2 2 14341.9 13798.5 774.80 778.17 42.0 732.8 52.0 722.8 42.0 - +3.37 N/A 52.0 - 40.0 40.0 - 38.0 38.0 - 3.0 3.0 - 0 53.0 721.8 

P-3 2 14584.3 14406.6 771.50 773.88 10.5 761.0 25.5 746.0 10.5 - +2.38 52.5 - 34.0 26.0 - 9.5 34.0 - 26.0 9.5 - 3.0 3.0 - 0 54.0 717.5 

P-4 2 14371.8 14681.2 774.80 777.95 21.0 753.8 36.0 738.8 21.0 -+3.15 N/A 41.0 - 19.0 19.0 - 17.0 17.0 - 3.0 3.0 - 0 41.4 733.4 

P-5 2 14728.6 14773.5 775.00 776.56 28.0 747.0 43.0 732.0 28.0 - +1.56 N/A 44.0 - 25.7 - 24.2 24.2 - 3.0 3.0 - 0 44.3 730.7 

P-6 2 14797.3 15161.0 765.50 768.23 9.0 756.5 19.0 746.5 9.0 - +2.73 N/A 20 - 6.5 6.5 - 3.0 N/A 3.0 - 0 20.4 745.1 

P-7 2 14300.9 13946.4 772.20 774.78 24.5 747.7 39.5 732.7 24.5 - +2.58 N/A 40.0 - 18.0 18.0 - 16.0 16.0 - 3.0 3.0 - 0 N/A N/A 

P-10 2 34.5 44.5 34.5 - +2.58 32.5-45.0 30.5-32.5 30.5-2.0 2.0-0 45.0 

MP-1 1.5 14048.1 13488.4 772.40 776.03 12.0 760.4 15.0 757.4 N/A N/A N/A N/A N/A N/A N/A N/A 

MP-2 1.5 14148.2 13466.9 772.20 775.18 12.0 760.2 15.0 757.2 N/A N/A N/A N/A N/A N/A N/A N/A 

MP-3 1.5 14227.8 13478.2 772.20 773.71 9.0 763.2 12.0 760.2 N/A N/A N/A N/A N/A N/A N/A N/A 

MP-4 1.5 14284.7 13559.3 771.30 775.57 12.0 759.3 15.0 756.3 N/A N/A N/A N/A N/A N/A N/A N/A 

MP-5 1.5 14345.1 13503.0 772.30 775.93 12.0 760.3 15.0 757.3 N/A N/A N/A N/A N/A N/A N/A N/A 

MP-6 1.5 14390.6 13403.7 773.70 775.13 9.0 764.7 12.0 761.7 N/A N/A N/A N/A N/A N/A N/A N/A 

MP-7 1.5 14429.3 13513.4 771.90 775.40 12.0 759.5 15.0 756.9 N/A N/A N/A N/A N/A N/A N/A N/A 

MP-8 1.5 14418.6 13579.8 771.50 775.56 12.0 759.5 15.0 756.5 N/A N/A N/A N/A N/A N/A N/A N/A 

MP-9 1.5 14680.6 13496.8 776.00 779.66 12.0 764.0 15.0 761.0 N/A N/A N/A N/A N/A N/A N/A N/A 

MP-10 1.5 14576.6 13863.5 774.70 777.89 12.0 762.7 15.0 759.7 N/A N/A N/A N/A N/A N/A N/A N/A 

MW-1A 1.5 13364.8 13774.8 776.20 778.79 35.0 741.2 45.0 731.2 35.0 - +2.59 N/A 45.0 - 35.0 N/A 35.0 - 3.0 3.0 - 0 51.0? 725.2 

MW-1B 1.5 13373.4 13774.9 776.10 778.59 10.0 766.1 30.0 746.1 10.0 - +2.49 N/A 30.0 - 10.0 N/A 10.0 - 3.0 3.0 - 0 N/A N/A 

MW-2A 1.5 13889.4 14399.3 775.30 777.01 (1) 25.0 750.3 64.0 711.3 25.0 - +1.15 N/A 64.0 - 25.0 N/A 25.0 - ? ? - 0 64.0? 711.3 

MW-2B 1.5 13894.1 14400.5 775.20 776.99 (1) 5.0 770.2 15.0 760.2 5.0 - +0.82 N/A 15.0 - 5.0 N/A 5.0 - ? ? - 0 N/A N/A 

MW-3A 1.5 14012.2 14035.2 773.10 775.35 30.0 743.1 61.0 712.1 30.0 - +2.25 N/A 61.0 - 30.0 N/A 30.0 - ? ? - 0 61.0? 712.1 

MW-3B 1.5 14005.5 14036.0 773.50 775.51 9.0 764.5 20.0 753.5 9.0 - +2.01 N/A 20.0 - 9.0 N/A 9.0 - ? ? - 0 61.0? 712.5 

MW-5A 1.5 14428.6 13996.3 772.50 774.74 32.5 740.0 53.5 719.0 32.5 - +2.24 N/A 53.5 - 32.5 N/A 32.5 - 3.0 3.0 - 0 53.5? 719.0 

MW-5B 1.5 14427.3 14003.0 772.40 774.40 10.0 762.4 20.0 752.4 10.0 - +2.02 N/A 20.0 - 10.0 N/A 10.0 - ? ? - 0 53.5? 718.9 

MW-6U 2 15032.2 14483.9 770.60 773.56 14.0 756.6 24.0 746.6 14.0 - +2.96 N/A 24.0 - 14.0 12.0 - 10.0 10.0 - 3.0 3.0 - 0 29.5 741.2 

MW-6L 2 15037.5 14485.5 770.70 773.60 25.0 745.7 30.0 740.7 25 - +2.9 N/A 30.5 - 24.5 39.0 - 30.8 22.5 - 3 3.0 - 0 29.5 741.2 

MW-7U 2 14861.5 14785.4 774.20 776.13 18.0 756.2 28.0 746.2 18.0 - +1.93 N/A 28.0 - 16.0 16.0 - 14.0 14.0 - 3.0 3.0 - 0 N/A N/A 

MW-7L 2 14859.4 14790.2 774.20 776.00 33.0 741.2 43.0 731.2 33 - +1.8 N/A 44.0 - 31.0 31.0 - 29.0 29.0 - 3.0 3.0 - 0 44.5 729.7 

MW-8 2 14630.5 15497.0 786.40 788.72 24.8 761.6 29.8 756.6 24.8 - +2.32 N/A 30.5 - 23.0 23.0 - 20.2 20.2 - 3.0 3.0 - 0 34.0 752.4 

MW-9U 2 14373.1 13669.3 722.50 755.01 18.5 754.0 23.5 749.0 18.5 - +2.51 N/A 24.0 - 16.9 16.4 - 14.9 14.9 - 3.0 3.0 - 0 N/A N/A 

MW-9M 2 14376.5 13667.1 772.50 774.15 24.5 749.7 29.5 742.5 24.5 - +1.65 N/A 30.0 - 22.8 22.8 - 20.8 20.8 - 3.0 3.0 - 0 N/A N/A 

MW-9L 2 14379.6 13670.0 772.50 775.24 (1) 31.5 741.0 41.5 731.0 31.5 - +1.57 N/A 42.0 - 26.9 26.9 - 24.9 24.9 - 3.0 3.0 - 0 45.0 727.5 

MW-10U 2 14392.1 14886.3 767.90 770.36 10.0 757.9 20.0 747.9 10 - +2.46 N/A 20.5 - 8.6 8.6 - 6.0 6.0 - 3.0 3.0 - 0 N/A N/A 

MW-10M 2 14400.6 14888.5 768.00 770.55 22.0 746.0 32.0 736.0 22 - +2.55 N/A 32.5 - 20.8 20.8 - 17.8 17.8 - 3.0 3.0 - 0 N/A N/A 

MW-10L 2 14404.7 14890.4 768.20 770.74 34.0 734.2 39.0 729.2 34 - +2.54 N/A 39.5 - 33.0 33.0 - 31.0 31.0 - 3.0 3.0 - 0 40.3 728.0 

MW-11U 2 Construction information not known, wells installed by the Town. 

MW-11L 2 Construction information not known, wells installed by the Town. 

MW-12L 2 Construction information not known, wells installed by the Town. 

MW-16U 2 774.7* 776.79 9.0 765.7 19.0 755.7 9.0-+2.09 N/A 19.0-7.0 7.0-2.0 NA 2.0-0 

MW-16M 2 774.7* 776.80 25.0 749.7 35.0 739.7 25.0-+2.10 N/A 35.0-24.0 24.0-20.0/7.0-2.0 NA 2.0-0 

MW-16L 2 774.7* 776.90 39.0 735.7 46.0 728.7 39.0-+2.2 N/A 46.0-37.0 37.0-33.0 33.0-2.0 2.0-0 48.6 726.1 
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NEW HAMPSHIRE BALL BEARINGS, INC.
 

SOUTH MUNICIPAL WATER SUPPLY WELL SUPERFUND SITE - PETERBOROUGH, NEW HAMPSHIRE
 

TABLE 1
 

SUMMARY OF WELL CONSTRUCTION DETAILS FOR MONITORING WELLS, EXTRACTION WELLS AND PIEZOMETERS
 

WELL / 

PIEZOMETER # DIAMETER NORTHING EASTING 

GROUND 

ELEV. TOC ELEV. 

TOP OF 

SCREEN 

DEPTH 

TOP OF 

SCREEN 

ELEV. 

BOTTOM OF 

SCREEN 

DEPTH 

BOTTOM OF 

SCREEN 

ELEV. 

RISER PIPE 

INTERVAL 

NATURAL 

CAVE 

INTERVAL 

SAND PACK 

INTERVAL 

PELLET 

INTERVAL 

SLURRY 

INTERVAL 

CONCRETE 

INTERVAL 

DEPTH TO 

BEDROCK 

BEDROCK 

ELEV. 

EM-1 2 13937.4 13735.9 775.70 778.75 51.5 724.2 57.0 718.7 51.5 - +3.05 N/A 57.0 - 48.0* 48.0 - 46.0 46.0 - ? ? - 0 57.0 718.7 

EM-B1 2 14444.7 13191.4 783.80 783.41 73.5 710.3 83.5 700.3 73.5 - 0.39 N/A ? - 72.0 72.0 - 70.0 70.0 - 3.0 3.0 - 0 85.2 686.6 

EM-2 2 14419.6 13817.5 774.60 777.47 35.5 739.1 41.0 733.6 35.5 - +2.87 33.0 - 3.0 44.0 - 35.0 35.0 - 33.0 N/A 3.0 - 0 44.0? 730.6? 

EMH-2U 2 14411.3 13817.2 774.80 777.45 27.0 757.8 32.0 742.8 27.0 - +2.65 32.0 - 31.0 31.0 - 25.0 25.0 - 23.0 23.0 - 3.0 3.0 - 0 N/A N/A 

EM-3U 2 14614.0 14786.9 773.50 775.39 18.0 755.5 28.0 745.5 18.0 - +1.89 N/A ? - 16.0 16.0 - 14.5 14.5 - ? ? - 0 41.6 731.9 

EM-3L 2 14611.6 14779.9 773.30 775.68 30.0 743.3 40.0 733.3 30.0 - +2.37 N/A ? - 28.5 28.5 - 26.5 ? ? - 0 41.6 731.7 

EM-106 2 13700.6 12889.3 800.40 799.77 26.0 774.4 27.0 773.4 26.0 - 0.63 N/A 27.0 - 24.5 24.5 - 22.5 22.5 - ? ? - 0 28.0 772.4 

EM-107 2 13795.1 13025.7 795.80 795.48 29.7 766.1 39.7 756.1 29.7 - 0.32 N/A ? - 28.2 28.2 - 26.2 26.2 - 3.0 3.0 - 0 43.0 752.8 

EMH-107 2 13793.6 13021.9 795.80 795.50 22.0 773.8 27.0 768.8 22.0 - 0.3 N/A 27.0 - 20.0 20.0 - 18.0 18.0 - 3.0 3.0 - 0 N/A N/A 

EM-108 2 15451.6 14519.0 773.90 776.84 11.0 762.9 36.0 737.9 11.0 - +2.94 N/A ? - 10.0 10.0 - 8.0 ? ? - 0 38.0 735.9 

EM-109 2 14888.4 14965.7 767.70 769.69 14.0 753.7 29.0 738.7 14-+1.3 31-12.5 12.5-10 10-2? 

EM-110 2 16676.2 15606.9 772.00 ~772.0 6.5 765.5 11.5 760.5 6.5 - ~0.0 ? ? ? ? ? 12.0 760.0 

RP-1 2 - - - - 43.5 - 58.5 - 43.5 - +2.9 N/A 41.5 - 61.5 37.5 - 41.5 37.5 - 1.0 1.0 - 0 N/A N/A 

EX-1 8 14419.7 13087.2 - 786.92 35.1 751.8 - -

EXH-3 8 14415.3 13312.0 - 781.45 45.0 736.5 65.0 716.5 5.0 - 45.0 N/A 43.0 - 65.0 41.0 - 43 7.0 - 41.0 - N/A N/A 

EX-4 8 14355.7 13810.5 - 776.31 39.0 737.3 48.0 728.3 5.0 - 39.0 N/A 37.0 - 57.0 19.0 - 37.0 7.0 - 19.0 - N/A N/A 

EX-5A 8 14730.0 14776.5 - 771.73 39.0 732.7 46.0 725.7 47.0 

EX-6 8 14121.0 13358.0 - 781.06 40.0 741.1 60.0 721.1 5.0 - 40.0 N/A 38.0 - 60.0 36.0 - 38.0 7.0 - 36.0 - N/A N/A 

EX-7 8 14500.0 14095.0 - 775.32 35.5 739.8 55.5 719.8 5.0 - 35.5 N/A 33.5 - 55.5 31.5 - 33.5 7.0 - 31.5 - N/A N/A 

EX-8 8 14672.9 14621.7 - 776.85 24.0 752.9 39.0 737.9 5.0 - 24.0 N/A 22.0 - 39.0 20.0 - 22.0 7.0 - 20.0 - N/A N/A 

EX-9 8 13943.4 13222.8 - 787.79 39.2 748.6 - -

EX-10 8 - - - - 35.0 - 44.0 - 35.0 - +2.0 N/A 45.0 - 33.0 33.0 - 31.0 31.0 - 2.0 2.0 - 0 N/A N/A 

Notes: 

N/A - Not applicable 

? - Data not available in RI/FS Report 

(1) Top of protective casing 

~ - Approximately 

The screened interval for all rock wells except RP-1 are open rock holes (6-inch diameter). 

* INFO FROM MP-10 
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Table 2 
Model Input Parameters 

South Municipal Water Supply Well Superfund Site 

Peterborough, New Hampshire 

Parameter Parameter Specifics Initial Value Initial Value Selection Basis Calibrated Value Final Value Selection Basis 

Hydraulic Conductivity Central Valley Sediments 

Kxy 120 ft/day Site-specific aquifer testing 90 ft/day Flow Model Calibration 

Kz 12 ft/day 18 ft/day Transport Model Calibration 

Valley Edge Sediments 

Kxy NA No differentiation between 

valley core and edge 

20 ft/day Transport Model Calibration 

Kz NA 2 ft/day Standard default: Kz = 0.1*Kxy 

Basement Bedrock Unit 

Kxyz 0.10 ft/day Arbitrary low-permeability value 0.10 ft/day 

Upper Bedrock Unit 

Kxyz NA No bedrock differentiation 2 ft/day Bedrock Water Table Elevation Calibration 

Total Porosity Unconsolidated Sediments 0.25 Fetter (2001) 0.25 Unchanged 

Bedrock Units 0.05 Fetter (2001) 0.05 Unchanged 

Effective Porosity Unconsolidated Sediments 0.25 Fetter (2001) 0.25 Unchanged 

Bedrock Units 0.05 Fetter (2001) 0.05 Unchanged 

Precipitation Recharge Contoocook River Valley 22 in/yr Half of average annual precip rate 20 Flow Model Calibration 

Upland Areas 4 in/yr ~1/10 average annual precip rate 2.5 in/yr Flow Model Calibration 

River Cell Inputs Depth 3 meters Arbitrary assumption 0.6 meters Flow and Transport Model Calibration 

River Bed Thickness 0.25 meters Arbitrary assumption 0.25 meters Unchanged 

River Bed Kz 6 ft/day Equal to 1/2 valley sediment Kz value 9 ft/day Tied to valley sediment Kz 

River Stage Elevation Variable Based on measured values Variable Based on measured values 

River Bed Conductance 365 - 730 m^2/d Calculated based on model cell dim. 550 - 1100 m^2/d Calculated based on model cell dim. 

Addtl. Rechage Inputs GW Extraction System 141 gpm/100 m^2 Full system capacity 6.9 gpm/250 m^2 Flow and Transport Model Calibration 

Re-Routed Stream 100 gpm/100 m^2 Arbitrary assumption 10.8 gpm/100 m^2 Flow and Transport Model Calibration 

Source Cells Concentration Variable Based on measured values Variable Transport Model Calibration 

Location Variable Based on measured values Variable Transport Model Calibration 

Dispersivity Longitudinal (αx) 4 m to 10 m Arbitrary assumption 6 m Transport Model Calibration 

Transverse (αy) 0.4 m to 1 m Visual ModFlow Default Ratio 0.6 m Visual ModFlow Default Ratio 

Vertical (αz) 0.04 to 0.1 m Visual ModFlow Default Ratio 0.06 m Visual ModFlow Default Ratio 

Biodegradation Inputs PCE Decay Rate (λ) 6.33E-04/day Howard et al (1991) 6.33E-04/day Unchanged 

Total Organic Carbon (foc) 0.1% (0.001) Based on measured values 0.1% (0.001) Unchanged 

PCE Koc 155 mg/l USEPA 1996 155 mg/l Unchanged 

PCE Transport Retardation 2.05 Calculated value 2.05 Unchanged 
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Table 3 
Sensitivity Analysis Summary 

South Municipal Water Supply Well Superfund Site 

Peterborough, New Hampshire 

Uplands Recharge 

Parameter 

Value (in/yr) Percent Change 

Max 

Residual 

Residual 

Mean 

Absolute 

Residual 

Mean R2 

1.25 -50% Model Did Not Converge 

Model Did Not Converge 1.5 -40% 

1.75 -30% -1.001 -0.04 0.246 0.956 

2 -20% -0.982 -0.025 0.243 0.957 

2.25 -10% -0.965 -0.008 0.243 0.956 

2.5 0% -0.958 -0.003 0.242 0.958 

2.75 10% -0.946 0.009 0.241 0.958 

3 20% Model Did Not Converge 

Model Did Not Converge 3.25 30% 

3.5 40% -0.902 0.048 0.246 0.959 

3.75 50% -0.887 0.061 0.25 0.959 

Max Delta 0.101 0.009 0.003 

Valley Recharge 

Parameter 

Value (in/yr) Percent Change 

Max 

Residual 

Residual 

Mean 

Absolute 

Residual 

Mean R2 

10 -50% -1.307 -0.289 0.399 0.933 

12 -40% -1.231 -0.227 0.349 0.94 

14 -30% -1.161 -0.169 0.303 0.946 

16 -20% -1.086 -0.122 0.272 0.952 

18 -10% -1.03 -0.059 0.253 0.954 

20 0% -0.958 -0.003 0.242 0.958 

22 10% Model Did Not Converge 

24 20% -0.826 0.109 0.262 0.96 

26 30% 0.769 0.166 0.289 0.963 

28 40% 0.892 0.212 0.32 0.959 

30 50% Model Did Not Converge 

Max Delta 0.501 0.157 0.03 
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Table 3 
Sensitivity Analysis Summary 

South Municipal Water Supply Well Superfund Site 

Peterborough, New Hampshire 

Valley Kxy (Kz = 0.20 * Kxy) 

Parameter 

Value (ft/d) Percent Change 

Max 

Residual 

Residual 

Mean 

Absolute 

Residual 

Mean R2 

45 -50% -1.477 0.299 0.394 0.957 

54 -40% -1.201 0.206 0.315 0.961 

63 -30% -1.013 0.129 0.267 0.961 

72 -20% Model Did Not Converge 

Model Did Not Converge 81 -10% 

90 0% -0.958 -0.003 0.242 0.958 

99 10% -1.015 -0.033 0.249 0.956 

108 20% -1.065 -0.059 0.259 0.953 

117 30% -1.108 -0.081 0.27 0.951 

126 40% -1.145 -0.101 0.281 0.949 

135 50% -1.181 -0.121 0.292 0.946 

Max Delta 0.42 0.152 0.015 

Valley Kz 

Parameter 

Value (ft/d) Percent Change 

Max 

Residual 

Residual 

Mean 

Absolute 

Residual 

Mean R2 

9 -50% -0.932 0.019 0.244 0.957 

13.5 -25% -0.954 0.002 0.242 0.957 

18 0% -0.958 -0.003 0.242 0.958 

22.5 25% Model Did Not Converge 

27 50% -0.971 -0.012 0.244 0.958 

Max Delta 0.031 0.002 0.001 

Upper Valley Kxy (Kz = 0.10 Kxy) 

Parameter 

Value (ft/d) Percent Change 

Max 

Residual 

Residual 

Mean 

Absolute 

Residual 

Mean R2 

10 -50% -0.984 0.051 0.272 0.958 

12 -40% Model Did Not Converge 

14 -30% -0.97 0.023 0.242 0.961 

16 -20% -0.967 0.011 0.24 0.958 

18 -10% -0.956 0.002 0.238 0.958 

20 0% -0.958 -0.003 0.242 0.958 

22 10% Model Did Not Converge 

24 20% -0.953 -0.014 0.249 0.956 

26 30% -0.949 -0.017 0.252 0.955 

28 40% -0.947 -0.022 0.255 0.954 

30 50% -0.952 -0.023 0.256 0.952 

Max Delta 0.074 0.034 0.009 
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Table 3 
Sensitivity Analysis Summary 

South Municipal Water Supply Well Superfund Site 

Peterborough, New Hampshire 

Upper Bedrock Kxyz 

Parameter 

Value (ft/d) Percent Change 

Max 

Residual 

Residual 

Mean 

Absolute 

Residual 

Mean R2 

1 -50% Model Did Not Converge 

Model Did Not Converge 

Model Did Not Converge 

1.2 -40% 

1.4 -30% 

1.6 -20% -0.953 0.005 0.24 0.958 

1.8 -10% Model Did Not Converge 

2 0% -0.958 -0.003 0.242 0.958 

2 10% -0.96 -0.006 0.242 0.957 

2 20% -0.966 -0.012 0.244 0.957 

2 30% -0.96 -0.01 0.244 0.957 

2 40% -0.972 -0.019 0.246 0.956 

2 50% -0.976 -0.024 0.248 0.956 

Max Delta 0.029 0.008 0.002 

River Bed Conductance 

Parameter 

Value (ft/d) Percent Change 

Max 

Residual 

Residual 

Mean 

Absolute 

Residual 

Mean R2 

275 -50% -0.939 0.018 0.241 0.958 

550 0% -0.958 -0.003 0.242 0.958 

1100 100% -0.964 -0.006 0.242 0.957 

1650 200% -0.961 -0.005 0.242 0.958 

2200 300% -0.972 -0.012 0.242 0.957 

2750 400% Model Did Not Converge 

Max Delta 0.03 0.001 0.001 
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Table 4 
Transport Model Calibration Summary 

South Municipal Water Supply Well Superfund Site 

Peterborough, New Hampshire 

Well Name 

X-Model 

(meters) 

Y-Model 

(meters) 

PCE 

Observed 

(mg/l) 

PCE 

Calculated 

(mg/l) 

GZ-101L 257457.8 4748398 0.000 0.000 

GZ-101M 257453.5 4748396 0.000 0.000 

GZ-101U 257456 4748397 0.000 0.000 

GZ-13R 257859.6 4748630 0.000 0.000 

GZ-13U 257861.8 4748628 0.000 0.000 

GZ-5L 257703.4 4748742 0.000 0.000 

GZ-5U 257703.6 4748743 0.000 0.000 

GZ-7L 257498.4 4748494 0.000 0.000 

GZH-7M 257496.8 4748493 0.000 0.001 

MW-2A 257893.7 4748482 0.000 0.000 

MW-7U 257947.1 4748796 0.000 0.000 

MW-7L 257949.1 4748796 0.000 0.000 

EM-109 257999.3 4748816 0.000 0.000 

MW-11L 257801.8 4748570 0.000 0.000 

MW-11U 257803.8 4748566 0.000 0.000 

MW-3B 257778.2 4748493 0.000 0.000 

GZ-13M 257863 4748629 0.001 0.001 

MW-3A 257777.3 4748496 0.001 0.000 

P-6 258063.1 4748801 0.001 0.000 

EM-3L 257961.2 4748721 0.002 0.001 

GZ-13L 257863.8 4748631 0.002 0.001 

GZ-3R 257571.3 4748482 0.002 0.000 

GZH-6L 257532.6 4748423 0.002 0.000 

MW-16M 257690.8 4748651 0.002 0.228 

MW-5A 257739.4 4748618 0.002 0.529 

P-7 257732.1 4748576 0.002 0.021 

EM-3U 257963.6 4748723 0.003 0.001 

GZ-3L 257580.9 4748485 0.003 0.001 

GZ-6M 257537.7 4748423 0.003 0.000 

GZ-105M 257569.3 4748540 0.006 5.565 

GZH-104M 257529.3 4748576 0.006 0.821 

P-3 257852.1 4748690 0.006 0.155 

GZ-3U 257580.3 4748483 0.007 0.001 

MW-16L 257691.1 4748651 0.007 0.023 

EM-B1 257498.6 4748571 0.016 0.036 

MW-16U 257690.5 4748652 0.016 0.287 

GZH-4M 257471.3 4748549 0.019 0.478 

GZ-104L 257532.4 4748578 0.020 0.002 

MW-5B 257741.8 4748617 0.037 1.106 

GZ-7U 257499.8 4748491 0.043 0.003 

VP-25 257546.7 4748526 0.060 1.488 

Well Name 

X-Model 

(meters) 

Y-Model 

(meters) 

PCE 

Observed 

(mg/l) 

PCE 

Calculated 

(mg/l) 

GZH-4L 257469.9 4748550 0.120 0.035 

VP-40 257525.1 4748610 0.300 1.266 

MW-9L 257645.3 4748579 0.390 5.541 

EMH-2U 257687.2 4748600 0.430 3.383 

MW-9M 257646.8 4748581 0.650 7.447 

EM-2 257686.7 4748603 0.820 2.141 

MW-9U 257645.7 4748580 1.300 3.946 

VP-24 257489.3 4748571 1.300 10.247 

GZH-4I 257473.9 4748545 1.800 0.040 

GZ-105U 257567.9 4748541 1.900 0.983 

GZ-105L 257569.6 4748538 2.000 0.080 

GZ-104U 257533.7 4748576 3.300 6.029 

VP-6 257467.6 4748562 3.600 10.280 

VP-44 257538.1 4748613 4.600 0.775 

VP-43 257551 4748607 5.000 3.937 

VP-26 257537.6 4748537 5.100 4.420 

GZ-4R 257475.3 4748541 11.000 0.000 

VP-17 257530.3 4748590 13.000 20.648 

VP-38 257546.2 4748594 17.000 12.598 

VP-39 257527.7 4748598 19.000 24.382 

VP-2 257483.6 4748543 20.000 32.016 

VP-37 257519.1 4748588 20.000 17.116 

VP-33 257529.5 4748561 25.000 21.410 

VP-31 257548.4 4748556 29.000 25.112 

VP-23 257495.2 4748560 42.000 39.094 

VP-30 257451.2 4748562 46.000 35.000 

VP-3 257482.2 4748547 58.000 61.056 

VP-22 257505.1 4748551 60.000 56.024 

VP-32 257538.2 4748556 62.000 21.410 

VP-34 257517.2 4748541 74.000 45.472 

VP-4 257479.5 4748551 100.000 72.913 

VP-1 257485.9 4748539 138.000 120.000 

GZH-4U 257472.8 4748547 180.000 103.310 
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In Aqua Veritas, LLC 
850 Mt. Pleasant Avenue 
Ann Arbor, MI 

Project: South Well Site 
Modeller: Tim Douthit 

Figure 2 
Horizontal Grid Configuration 
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In Aqua Veritas, LLC 
850 Mt. Pleasant Avenue 
Ann Arbor, MI 

Project: South Well Site 
Modeller: Tim Douthit 

Figure 3 
Vertical Grid Configuration 
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In Aqua Veritas, LLC 

850 Mt. Pleasant Ave 

Ann Arbor, MI 

Project: South Well Site 

Modeller: Tim Douthit 

Figure 4 

Unconsolidated Sediment Thickness Map 
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. =CCaallccuullaatteedd vvss. OObbsseerrvveedd HHeeaadd :: TTiimmee = 11 ddaayyss 

Num. of Data Points : 78� 
Standard Error of the Estimate : 0.036 (m)Max. Residual: -0.958 (m) at GZ-3U PUMP/A 

Root Mean Squared : 0.318 (m)Min. Residual: 0.005 (m) at GZ-104U PUMP/A 
Normalized RMS : 6.38 ( % )Residual Mean : -0.003 (m) 

Correlation Coefficient : 0.958Abs. Residual Mean : 0.242 (m) 

Observed Head (m) 
232.46 234.46 236.46 
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Figure 5 
Flow Model Calibration Statistics 
(All Stratigraphic Units) 
In Aqua Veritas, LLC 
850 Mt. Pleasant Avenue 
Ann Arbor, MI 

Project: South Well Site 

Modeller: Tim Douthit 
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In Aqua Veritas, LLC 

850 Mt. Pleasant Ave 

Ann Arbor, MI 

Project: South Well Site 

Modeller: Tim Douthit 

Figure 6 

Modeled Piezometric Surface 

Tim Douthit



   
   
  

   

  

 
   

  

                

     
             

           
          
        

  

 
 

 

 

 

 

 

  

 

. =CCaallccuullaatteedd vvss. OObbsseerrvveedd HHeeaadd :: TTiimmee = 11 ddaayyss 

Num. of Data Points : 9� 
Standard Error of the Estimate : 0.088 (m)Max. Residual: 0.608 (m) at GZ-10R PUMP/A 

Root Mean Squared : 0.25 (m)Min. Residual: -0.011 (m) at GZ-14R PUMP/A 
Normalized RMS : 11.476 ( % )Residual Mean : 0.018 (m) 

Correlation Coefficient : 0.951Abs. Residual Mean : 0.178 (m) 

Observed Head (m) 
234.49 235.49 
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Figure 7 
Flow Model Calibration Statistics 
(Bedrock Units Only) 
In Aqua Veritas, LLC 
850 Mt. Pleasant Avenue 
Ann Arbor, MI 

Project: South Well Site 

Modeller: Tim Douthit 
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In Aqua Veritas, LLC 

850 Mt. Pleasant Ave 

Ann Arbor, MI 

Project: South Well Site 

Modeller: Tim Douthit 

Figure 8 

River Cell Layout: Site Vicinity 
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In Aqua Veritas, LLC 

850 Mt. Pleasant Ave 

Ann Arbor, MI 

Project: South Well Site 

Modeller: Tim Douthit 

Figure 9 

Marsh Area Recharge Cell Layout 
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Figure 10: Sensitivity Analysis Summary
 

0.08 

0.06 0.2 

0.04 

0.1 

0.02 

0 0 

Upper River Bed Valley Kz Upper Valley Uplands Valley Kxy Valley 

Bedrock Kxyz Conductance Kxy Recharge Recharge 

0.18 

0.16 

0.14 

0.12 

0.1 

0.6 

0.5 

0.4 

D
e
lt

a
 A

b
s
. 
R

e
s
. 
M

e
a
n

 (
m

) 
&

 R
2
 (

u
n

it
le

s
s
) 

D
e
lt

a
 R

e
s
id

u
a
l 
M

e
a
n

 (
m

)

Delta R2 

Delta Abs Residual Mean 

Delta Residual Mean 

0.3 

Tim Douthit



   

   

  

   

  

 

   

In Aqua Veritas, LLC 

850 Mt. Pleasant Ave 

Ann Arbor, MI 

Project: South Well Site 

Modeller: Tim Douthit 

Figure 11 

COC Source Cell Layout 
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In Aqua Veritas, LLC 
Project: NHBB/South Well Site 

Modeller: Tim Douthit 

Figure 12 

Baseline Modeled PCE Plume Map 
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. =CCaallccuullaatteedd vvss. OObbsseerrvveedd CCoonncceennttrraattiioonn :: TTiimmee = 11882255 ddaayyss 

Num. of Data Points : 74� 
Standard Error of the Estimate : 1.351 (mg/L)Max. Residual: -76.69 (mg/L) at GZH-4U/A 

Root Mean Squared : 11.767 (mg/L)Min. Residual: 0 (mg/L) at GZ-101L/A 
Normalized RMS : 6.537 ( % )Residual Mean : -2.27 (mg/L) 
Correlation Coefficient : 0.958Abs. Residual Mean : 4.348 (mg/L) 

Observed Concentration (mg/L) 
0 100 200 

C
a
lc

u
la

te
d

 C
o
n
c
e
n
tr

a
ti
o
n

 (
m

g
/L

)
0

 
1
0
0

 
2
0
0

 

Layer #1 : Conc001 

Layer #2 : Conc001 

Layer #3 : Conc001 

Layer #4 : Conc001 

Layer #5 : Conc001 

Layer #6 : Conc001 

Layer #7 : Conc001 

Layer #8 : Conc001 

Layer #9 : Conc001 

95% confidence interval 

95% interval 

Figure 13 

Transport Model Calibration Statistics 

In Aqua Veritas, LLC 
850 Mt. Pleasant Avenue 
Ann Arbor, MI 

Project: South Well Site 

Modeller: Tim Douthit 

Tim Douthit



   
   

  

 

    

   

In Aqua Veritas, LLC 
Project: NHBB/South Well Site 

Modeller: Tim Douthit 

Figure 14 

Modeled South Well PCE Encroachment, 

Source = 5 mg/l 
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Concentration vs. Time 
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Figure 15 
Time Series Modeled PCE Data, Property Boundary Wells 
Source = 5 mg/l 

In Aqua Veritas, LLC 
Project: NHBB/South Well Site 

Modeller: Tim Douthit 
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In Aqua Veritas, LLC 
Project: NHBB/South Well Site 

Modeller: Tim Douthit 

Figure 16 

Modeled PCE Plume Map, South Well Intake Interval 

Source = 0.50 mg/l 
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Concentration vs. Time 
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Figure 17 
Time Series Modeled PCE Data, Property Boundary Wells 
Source = 0.50 mg/l 

In Aqua Veritas, LLC 
Project: NHBB/South Well Site 

Modeller: Tim Douthit 

Tim Douthit



   
   

  

 
       

   

  

  

 

  
  

Concentration vs. Time 
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Figure 18 
Time Series Modeled PCE Data, Property Boundary Wells 
Source = 0.10 mg/l 

In Aqua Veritas, LLC 
Project: NHBB/South Well Site 

Modeller: Tim Douthit 

Tim Douthit



   
   

  

 

     

   

In Aqua Veritas, LLC 
Project: NHBB/South Well Site 

Modeller: Tim Douthit 

Figure 19 

Modeled PCE Plume, South Well ON 

Source = 0.50 mg/l 
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In Aqua Veritas, LLC 
Project: NHBB/South Well Site 

Modeller: Tim Douthit 

Figure 20 

Modeled PCE Plume, South Well OFF 

Source = 0.50 mg/l 
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Concentration vs. Time 
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Figure 21 
Time Series Modeled PCE Data, Property Boundary Wells 
Source = 0.50 mg/l; South Well OFF 

In Aqua Veritas, LLC 
Project: NHBB/South Well Site 

Modeller: Tim Douthit 

Tim Douthit



  

 
  

 
 

 
 

 

APPENDIX K 

Cost Development Detail for Individual Remedial 

HULL & ASSOCIATES, INC. SEPTEMBER 2009 

MASON, OHIO NHB034.200.0020 




TABLE K-1 - PRELIMINARY ESTIMATE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS 

FOR NO ACTION ALTERNATIVE 


Alternative No. 0 

Hull 
All subcontracted and material costs are assumed to be directly contracted and/or purchased by NHBB. 

No Action Alternative - Continued Operation of Treatment System As-Is 

CAPITAL COST 

ITEM DESCRIPTION UNITS QUANTITY UNIT PRICE 
DOLLARS 

TOTAL COST 
DOLLARS 

Subtotal - Construction Cost $0 

NON-CONSTRUCTION COST
 Contractor Fee (0% of Capital Cost) 
Legal Fees, Licenses and Permits (0% of Capital Cost) 
Engineering and Administration (20% of Capital Cost) 
Contingency (20% of Subtotal) 

$0
$0
$0
$0 

Subtotal - Non-Construction Cost $0 

TOTAL CAPITAL COST $0 

OPERATION & MAINTENANCE COST 

ITEM DESCRIPTION UNITS QUANTITY 2008 UNIT PRICE 
($) 

2008 TOTAL COST 
($) 

Mobilization/Demobilization 
Sampling Labor 
Equipment 
Analytical 
Well Rehabilitation 
Operation of System 
Reporting 

1 
1 
1 
1 
1 
1 
1 

LS 
LS 
LS 
LS 
LS 
LS 
LS 

$22,000 
$25,500 

$9,360 
$14,850 
$78,800 
$54,000 
$20,000 

$22,000 
$25,500 

$9,360 
$14,850 
$78,800 
$54,000 
$20,000 

SUBTOTAL 
CONTINGENCY (20% of Subtotal) 

$224,510 
$44,902 

SUB TOTAL $269,412 
Present Worth @ 7% discount rate for 30 years $3,577,165 

TOTAL CONSTRUCTION COSTS 
PRESENT WORTH O&M COST 
TOTAL PRESENT WORTH COST 

$0 
$3,577,165 

$3,577,170 

HULL & ASSOCIATES, INC. SEPTEMBER 2009
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Alternative 0 - No Action - Operation of Pump and Treat As-Is 
Semi Annual Rehab 
Triannual Sampling 

Item Description Takeoff 
Qty Unit Total 

$/Unit Grand Total 
Mobilization/Demobilization 
Travel (RT) - assume 2 men for 3 sampling events; 1 man for rehab 15 ea 500 $7,500.00 
Hotel and Perdiem 40 man/day 250 $10,000.00 
Vehicle and ODC 25 day 180 $4,500.00 

TOTAL $22,000.00 
Sampling Labor 
Crew Lead (three events, 50 hrs each) 150 hr 95 $14,250.00 
Geo (three events, 50 hours each) 150 hr 75 $11,250.00 

TOTAL $25,500.00 
Equipment 
Pumps (peristaltic, grundfos) 3 wk 1,500.00 $4,500.00 
Generator 3 wk 350 $1,050.00 
Interface Probe 3 wk 150 $450.00 
Water Quality Meter 3 wk 500 $1,500.00 
Tubing 3  per event 500 $1,500.00 
Cal Solutions 3 per event 120 $360.00 

TOTAL $9,360.00 
Analytical 
VOC (average 45 samples per event) 110 ea 135 $14,850.00 

TOTAL $14,850.00 
Well Rehabilitation 
Drilling Subcontractor (2 wells per rehab event) 2 ea 35,000 $70,000.00 
Hull Oversight 8 day 1,100 $8,800.00 

TOTAL $78,800.00 
Operation of System 
Electric 12 month 500 $6,000.00 
Operator Wage 12 month 3,000 $36,000.00 
Compliance Sampling 12 month 500 $6,000.00 
Equipment, materials and other ODC 12 months 1,000 $12,000.00 

TOTAL $54,000.00 
Reporting 
Annual Reporting 1 ls 20,000 $20,000.00 

$20,000.00 

Capital Costs $224,510.00 
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TABLE K-2 - PRELIMINARY ESTIMATE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS 

FOR CONTAINMENT SYSTEM ENHANCEMENT THROUGH THE INSTALLATION OF ADDITIONAL PUMPING WELLS
 

Alternative No. 1 

Costing by Hull 
All subcontracted and material costs are assumed to be directly contracted and/or purchased by NHBB. 

Enhancement of Existing Extraction System by Installation of 4 additional Extraction Wells. 

CAPITAL COST 

ITEM DESCRIPTION UNITS QUANTITY UNIT PRICE 
DOLLARS 

TOTAL COST 
DOLLARS 

Design Modeling 

Mobilization/Demobilization

LS 1 $20,000 $20,000 

Transportation Equipment and Staff 

Installation of Additional Extraction Wells

LS 1 $63,500 $63,500 

Drilling and Misc Well Equip. 

Force Main Tie In

LS 1 $151,800 $151,800 

Trenching and Piping Installation LS 1 $170,000 $170,000
 Electrician LS 1 $15,000 $15,000
 PLC upgrade LS 1 $35,000 $35,000
 Disposal 

Installation of Additional Monitoring Wells

LS 1 $7,000 $7,000 

Drilling (sonic) LS 1 $52,400 $52,400
 Well Install Oversight LS 1 $16,770 $16,770
 Disposal 

Extraction Well/Forcemain Oversight

LS 1 $2,400 $2,400 

Oversight LS 1 $53,620 $53,620 

Subtotal - Construction Cost $587,490 

NON-CONSTRUCTION COST
 Contractor Fee (5% of Capital Cost) $29,375
 Legal Fees, Licenses and Permits (5% of Capital Cost) $29,375
 Engineering and Administration (20% of Capital Cost) $117,498
 Contingency (20% of Subtotal) $117,498 

Subtotal - Non-Construction Cost $293,745 

TOTAL CAPITAL COST $881,235 

OPERATION & MAINTENANCE COST 

ITEM DESCRIPTION UNITS QUANTITY 2008 UNIT PRICE 
($) 

2008 TOTAL COST 
($) 

Performance Monitoring 
Well Rehabilitation 
Annual O&M 
Reporting 

quarter 
each 
year 
year 

3 
2 
1 
1 

$20,000 
$50,000 
$65,000 
$20,000 

$60,000 
$100,000 

$65,000 
$20,000 

SUBTOTAL 
CONTINGENCY (10% of Subtotal) 

$245,000 
$24,500 

TOTAL $269,500 
Present Worth @ 7% discount rate for 30 years $3,578,333 

TOTAL CONSTRUCTION COSTS 
PRESENT WORTH O&M COST 
TOTAL PRESENT WORTH COST 

$881,235 
$3,578,333 

$4,459,570 
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Alternative No. 1 - Modification of existing treatment system with additional extraction 
wells 
Installation 4 x 50 feet extraction wells and connect to forcemain. Upgrade existing PLC 
Assumes replacement of EX-4 

Item Description Takeoff Qty Unit Total 
$/Unit Grand Total 

Design Modeling 
In Aqua Veritas 1 lsum 20,000 20,000 

TOTAL 20,000 

Mobilization/Demobilization 
SWPPP plan and controls 1 lsum 13,500 13,500 
Transportation Equipment and Staff 1 lsum 50,000 50,000 

TOTAL 63,500 

Installation of Additional Extraction Wells 
Drilling (sonic) - Four 8-inch extraction wells (ss/carbon steel) 200 ft. 300 60,000 
Development of Wells 40 hours 235 10,000 
Pitless Adaptors/Surface Completions 4 ea. 1,200 4,800 
Clearing & grubbing, dense brush, clear and grub 1 acre 5,000 5,000 
Well House (for all new wells) 1 ea. 12,000 12,000 
Misc Equip (transducer/flow meter) 4 ea. 10,000 40,000 
Electrical/PLC 4 ea. 5,000 20,000 

TOTAL 151,800 

Force Main Tie In 
Trenching (labor and equipment) 1,600 ft. 65 104,000 
Lateral Piping (Material and Install) 1,600 ft. 35 56,000 
Electrician 1 est. 15,000 15,000 
PLC Modification 1 est. 35,000 35,000 
ODC 1 est. 10,000 10,000 
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Alternative No. 1 - Modification of existing treatment system with additional extraction 
wells 
Installation 4 x 50 feet extraction wells and connect to forcemain. Upgrade existing PLC 
Assumes replacement of EX-4 

Item Description Takeoff Qty Unit Total 
$/Unit Grand Total 

Disposal trench soils and well cuttings (assume non-haz.) 100 tons 65 7,000 
TOTAL 227,000 

Extraction Well/Forcemain Oversight 

Labor 35 days 1,100 38,500 
Hotel/Per Diem 37 days 235 8,695 
Truck/ODC 37 days 125 4,625 
Travel 3 ea. 600 1,800 

TOTAL 53,620 

Installation of Additional Monitoring Wells 
Assume 4 well clusters (nested), 3 wells per cluster for a total of 12 wells - 100 feet per cluster -
Rotosonic - pvc 

400 feet 95 38,000 

Development 12 ea. 500 6,000 
Surface Completions 350 ea. 4 1,400 
ODCs per Cluster 500 ea. 4 2,000 
Sonic Mobilization 5,000 ea. 1 5,000 
Spoils Disposal (assume non-haz.) 12 drums 200 2,400 
Oversight 11 days 1,100 12,100 
Hotel Per Diem 11 days 235 2,585 
Truck/ODC 11 days 135 1,485 
Travel 600 ea. 1 600 

TOTAL 71,570 
Capital Costs 587,490 
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TABLE K-3 - PRELIMINARY ESTIMATE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS 

FOR CONTAINMENT SYSTEM ENHANCEMENT THROUGH THE INSTALLATION OF ADDITIONAL PUMPING WELLS
 

Alternative No. 1 A 

Costing by Hull 
All subcontracted and material costs are assumed to be directly contracted and/or purchased by NHBB. 

Enhancement of Existing Extraction System by Installation of 4 additional Extraction Wells. 

CAPITAL COST 

ITEM DESCRIPTION UNITS QUANTITY UNIT PRICE 
DOLLARS 

TOTAL COST 
DOLLARS 

Design Modeling 

Mobilization/Demobilization

LS 1 $20,000 $20,000 

Transportation Equipment and Staff 

Installation of Additional Extraction Wells

LS 1 $63,500 $63,500 

Drilling and Misc Well Equip. 

Force Main Tie In

LS 1 $151,800 $151,800 

Trenching and Piping Installation LS 1 $170,000 $170,000
 Electrician LS 1 $15,000 $15,000
 PLC upgrade LS 1 $35,000 $35,000
 Disposal 

Installation of Additional Monitoring Wells

LS 1 $7,000 $7,000 

Drilling (sonic) LS 1 $52,400 $52,400
 Well Install Oversight LS 1 $16,770 $16,770
 Disposal 

Extraction Well/Forcemain Oversight

LS 1 $2,400 $2,400 

Oversight LS 1 $53,620 $53,620 

Subtotal - Construction Cost $587,490 

NON-CONSTRUCTION COST
 Contractor Fee (5% of Capital Cost) $29,375
 Legal Fees, Licenses and Permits (5% of Capital Cost) $29,375
 Engineering and Administration (20% of Capital Cost) $117,498
 Contingency (20% of Subtotal) $117,498 

Subtotal - Non-Construction Cost $293,745 

TOTAL CAPITAL COST $881,235 

OPERATION & MAINTENANCE COST 

ITEM DESCRIPTION UNITS QUANTITY 2008 UNIT PRICE 
($) 

2008 TOTAL COST 
($) 

Performance Monitoring 
Well Rehabilitation 
Annual O&M 
Reporting 

quarter 
each 
year 
year 

3 
2 
1 
1 

$20,000 
$50,000 
$65,000 
$20,000 

$60,000 
$100,000 

$65,000 
$20,000 

SUBTOTAL 
CONTINGENCY (10% of Subtotal) 

$245,000 
$24,500 

TOTAL $269,500 
Present Worth @ 7% discount rate for 6 years $1,374,503 

TOTAL CONSTRUCTION COSTS 
PRESENT WORTH O&M COST 
TOTAL PRESENT WORTH COST 

$881,240 
$1,374,500 

$2,255,740 
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Alternative No. 1 A- Modification of existing treatment system with additional extraction 
wells 
Installation 4 x 50 feet extraction wells and connect to forcemain. Upgrade existing PLC 
Assumes replacement of EX-4 

Item Description Takeoff Qty Unit Total 
$/Unit Grand Total 

Design Modeling 
In Aqua Veritas 1 lsum 20,000 20,000 

TOTAL 20,000 

Mobilization/Demobilization 
SWPPP plan and controls 1 lsum 13,500 13,500 
Transportation Equipment and Staff 1 lsum 50,000 50,000 

TOTAL 63,500 

Installation of Additional Extraction Wells 

Drilling (sonic) - Four 8-inch extraction wells (ss/carbon steel) 200 ft. 300 60,000 
Development of Wells 40 hours 235 10,000 
Pitless Adaptors/Surface Completions 4 ea. 1,200 4,800 
Clearing & grubbing, dense brush, clear and grub 1 acre 5,000 5,000 
Well House (for all new wells) 1 ea. 12,000 12,000 
Misc Equip (transducer/flow meter) 4 ea. 10,000 40,000 
Electrical/PLC 4 ea. 5,000 20,000 

TOTAL 151,800 

Force Main Tie In 
Trenching (labor and equipment) 1,600 ft. 65 104,000 
Lateral Piping (Material and Install) 1,600 ft. 35 56,000 
Electrician 1 est. 15,000 15,000 
PLC Modification 1 est. 35,000 35,000 
ODC 1 est. 10,000 10,000 
Disposal trench soils and well cuttings (assume non-haz.) 100 tons 65 7,000 

TOTAL 227,000 
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Alternative No. 1 A- Modification of existing treatment system with additional extraction 
wells 
Installation 4 x 50 feet extraction wells and connect to forcemain. Upgrade existing PLC 
Assumes replacement of EX-4 

Item Description Takeoff Qty Unit Total 
$/Unit Grand Total 

Extraction Well/Forcemain Oversight 

Labor 35 days 1,100 38,500 
Hotel/Per Diem 37 days 235 8,695 
Truck/ODC 37 days 125 4,625 
Travel 3 ea. 600 1,800 

TOTAL 53,620 

Installation of Additional Monitoring Wells 
Assume 4 well clusters (nested), 3 wells per cluster for a total of 12 wells - 100 feet per cluster -
Rotosonic - pvc 

400 feet 95 38,000 

Development 12 ea. 500 6,000 
Surface Completions 350 ea. 4 1,400 
ODCs per Cluster 500 ea. 4 2,000 
Sonic Mobilization 5,000 ea. 1 5,000 
Spoils Disposal (assume non-haz.) 12 drums 200 2,400 
Oversight 11 days 1,100 12,100 
Hotel Per Diem 11 days 235 2,585 
Truck/ODC 11 days 135 1,485 
Travel 600 ea. 1 600 

TOTAL 71,570 
Capital Costs 587,490 
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TABLE K-4 - PRELIMINARY ESTIMATE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS 

FOR PERMEABLE REACTIVE BARRIER
 

Alternative No. 2 

Wall installation will required placement on Trust property. 
GeoSolutions, Inc., modified by Hull 
All subcontracted and material costs are assumed to be directly contracted and/or purchased by NHBB. 

Installation of a 600 feet PRB Parallel to Rt. 202 (Containment and Treatment) 
Treatment Zone estimated at 600 feet long by 50 feet deep, parallel to Site boundary. 

CAPITAL COST 

ITEM DESCRIPTION UNITS QUANTITY UNIT PRICE 
DOLLARS 

TOTAL COST 
DOLLARS 

Mobilization/Demobilization
 Transportation Equipment and Staff LS 1 $75,000 

General Site Conditions

$75,000 

Temporary Facilities and Project Documentation LS 1 $41,700 

Site Preparation

$41,700 

Clear and Grubbing, SWPP and Dust Control LS 1 $34,440 $34,440
 Work Platform and Haul Road LS 1 $78,500 $78,500
 Construct Dewatering Cell LS 1 $20,000 

Construct PRB - 600 x 50 x 3

$20,000 

Supply and Deliver Granular Iron LS 1 $1,575,000 $1,575,000
 Supply and Deliver Sand Aggregate LS 1 $70,000 $70,000
 Supply and Install Trench Cap LS 1 $22,800 $22,800
 Install Trench using Biopolymer Slurry LS 1 $660,000 $660,000
 On-site materials handling LS 1 $49,332 

Spoils Management

$49,332 

Totals and TCLP Analysis LS 1 $21,600 $21,600
 Management of Dewatering Pit LS 1 $30,000 $30,000
 Management of Spoils LS 1 $16,665 $16,665
 Loading of trench spoils to disposal trucks LS 1 $13,332 $13,332
 Transportation and Disposal of Spoils (assume non-haz and reuse) LS 1 $216,650 

Relocation of NHBB Plant Power

$216,650 

New Electrical Service LS 1 $50,000 

Right of Way Permitting/Access between former rail-bed and west side of Rt. 202 and on Trust Property

$50,000 

Permitting LS 1 $7,000 $7,000
 Restoration LS 1 $32,000 

PRB Oversight

$32,000 

Labor LS 1 $49,500 $49,500
 Hotel/Per Diem/ODC LS 1 $16,650 

Up, Down and Side-Gradient Barrier Monitoring Wells

$16,650 

Drilling Costs (10 well clusters) LS 1 $148,000 $148,000
 Oversight LS 1 $27,060 $27,060 

Subtotal - Construction Cost $3,255,229 

NON-CONSTRUCTION COST
 Contractor Fee (15% of Wall Capital Cost) $367,820
 Legal Fees, Licenses and Permits (2.5% of Capital Cost) $81,381
 Engineering and Administration (15% of Capital Cost) $488,284
 Contingency (20% of Subtotal) $651,046 

Subtotal - Non-Construction Cost $1,588,531 

TOTAL CAPITAL COST $4,843,760 

OPERATION & MAINTENANCE COST 

ITEM DESCRIPTION UNITS QUANTITY 2008 UNIT PRICE 
($) 

2008 TOTAL COST 
($) 

Barrier Performance Monitoring a. 

To be done concurrently with other Site GWM in support of mass 
reduction. 

each 3 $10,000 $30,000 

SUBTOTAL 
CONTINGENCY (10% of Subtotal) 

$30,000 
$3,000 

TOTAL $33,000 
Present Worth @ 7% discount rate for 30 years $438,163 

TOTAL CONSTRUCTION COSTS 
PRESENT WORTH O&M COST 
TOTAL PRESENT WORTH COST 

$4,843,760 
$438,160 

$5,281,920 
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Alternative 2 - 600 FT. PRB Boundary Treatment and Containment 600 length 
Installation of 600 feet PRB parallel with Rt. 202 50 depth 
Assumes on-NHBB property staging area and access to state right-of-way. 0.8 width 

24,000 
1,800 

cu. ft. 
tons iron 

Item Description Takeoff Qty Unit Total 
$/Unit Grand Total 

Mobilization/Demobilization 

Transportation Equipment and Staff 1 lsum 75,000 75,000 
TOTAL 75,000 

General Site Conditions 
Temp/Portable Job Facilities 3 month 9,900 29,700 
Sub Project Documentation (training, HASP, SWPP) 1 LF 12,000 12,000 

41,700 
Site Preparation 
Construct Work Platform 1 ea. 18,500 18,500 
Construct Temp 2-way access road between Rail bed and Rt. 202 1,000 LF 60 60,000 
Clearing & grubbing, dense brush, clear and grub 2 acre 3,500 7,000 
Construct Dewatering Cell 1 ea. 20,000 20,000 
Supply/Install silt fence 1,400 LF 1.6 2,240 
Dust Control - water truck, off highway, 6000 gallon capacity - Crew Equip. Cost per Day 36 days 400 14,400 
Road maintenance (bobcat with sweeper attachment) 36 days 300 10,800 

TOTAL 132,940 

Construct PRB - 600 x 50 x 3 
Delivered Granular Iron (volume based on bench testing results) 1,800 tons 875 1,575,000 
Excavate and Install trench with biopolymer slurry (600 X 50) 30,000 ft.2 22 660,000 
Granular Material for trench mix 3,500 tons 20 70,000 
Trench surface material seal - Aquablok 80 tons 285 22,800 
On-Site Materials Handling 6,000 tons 6 36,000 
Work Area dewatering pit 3,333 cu. yds. 4 13,332 

TOTAL 2,377,132 
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Alternative 2 - 600 FT. PRB Boundary Treatment and Containment 
Installation of 600 feet PRB parallel with Rt. 202 
Assumes on-NHBB property staging area and access to state right-of-way. 

600 length 
50 depth 
0.8 width 

24,000 
1,800 

cu. ft. 
tons iron 

Item Description Takeoff Qty Unit Total 
$/Unit Grand Total 

Spoils Management 
Sampling of Spoils for classification and disposal (Full TCLP w/ pest, herbs, RCI, paint filter) est. 
1sample/500 cu yds 

8 each 1,200 9,600 

Totals VOCs, SVOCs, Metals, Pest, Herbs, RCI 12 each 1,000 12,000 
On-Site Spoils Dewatering 1 lsum 30,000 30,000 
On-Site Spoils Hauling 3,333 cu. yds. 5 16,665 
Loading of Spoils into Transport Trucks 3,333 cu. yds. 4 13,332 
Transportation and Disposal of Trench Spoils (assume non-hazardous and reuse as cover 
material) 

4,333 tons 50 216,650 

TOTAL 298,247 

PRB Oversight 
Labor 45 days 1,100 49,500 
Hotel/Per Diem 45 days 235 10,575 
Truck/ODC 45 days 135 6,075 

TOTAL 66,150 
Right of Way Permitting/Access between former rail-bed and west side of Rt. 202 and on 
Trust Property 
Permitting 1 est. 7,000 7,000 
Right of way restoration - seed and mulch 2 acres 6,000 12,000 
Remove work platform and haul road 1 lsum 20,000 20,000 

TOTAL 39,000 

Relocation of Utilities 
New power run for NHBB facility 1 est 50,000 50,000 

TOTAL 50,000 
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Alternative 2 - 600 FT. PRB Boundary Treatment and Containment 
Installation of 600 feet PRB parallel with Rt. 202 
Assumes on-NHBB property staging area and access to state right-of-way. 

600 length 
50 depth 
0.8 width 

24,000 
1,800 

cu. ft. 
tons iron 

Item Description Takeoff Qty Unit Total 
$/Unit Grand Total 

Up, Down and Side-Gradient Barrier Monitoring Wells 
Assume 4 well clusters (nested) up and down gradient, 3 wells per cluster for a total of 24 wells -
100 feet per cluster - Rotosonic / ss 

800 ft. 115 92,000 

Assume 2 well clusters (nested) at wall terminal points, 3 wells per cluster for a total of 6 wells -
100 feet per cluster - Rotosonic / ss 

200 ft. 115 23,000 

Surface Completions 10 ea. 200 2,000 
ODCs per Cluster 10 ea. 500 5,000 
Development 30 wells 500 15,000 
Sonic Mobilization 1 ea. 5,000 5,000 
Spoils Disposal (assume non-haz.) 30 drums 200 6,000 
Oversight plus Truck 18 days 1,100 19,800 
Hotel Per Diem 18 days 235 4,230 
Truck/ODC 18 days 135 2,430 
Travel 600 ea. 1 600 

TOTAL 175,060 
Capital Costs 3,255,229 
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TABLE K-5 - PRELIMINARY ESTIMATE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS 

FOR PERMEABLE REACTIVE BARRIER
 

Alternative No. 19A 

Wall installation will required placement on Trust property. 
GeoSolutions, Inc., modified by Hull 
All subcontracted and material costs are assumed to be directly contracted and/or purchased by NHBB. 

Installation of a 500 feet PRB Parallel to Rt. 202 (Containment and Treatment) 
Treatment Zone estimated at 500 feet long by 50 feet deep, parallel to Site boundary. 

CAPITAL COST 

ITEM DESCRIPTION UNITS QUANTITY UNIT PRICE 
DOLLARS 

TOTAL COST 
DOLLARS 

Mobilization/Demobilization
 Transportation Equipment and Staff LS 1 $75,000 

General Site Conditions

$75,000 

Temporary Facilities and Project Documentation LS 1 $41,700 

Site Preparation

$41,700 

Clear and Grubbing, SWPP and Dust Control LS 1 $34,440 $34,440
 Work Platform and Haul Road LS 1 $78,500 $78,500
 Construct Dewatering Cell LS 1 $20,000 

Construct PRB - 500 x 50 x 3

$20,000 

Supply and Deliver Granular Iron LS 1 $1,312,500 $1,312,500
 Supply and Deliver Sand Aggregate LS 1 $54,000 $54,000
 Supply and Install Trench Cap LS 1 $19,950 $19,950
 Install Trench using Biopolymer Slurry LS 1 $550,000 $550,000
 On-site materials handling LS 1 $41,800 

Spoils Management

$41,800 

Totals and TCLP Analysis LS 1 $21,600 $21,600
 Management of Dewatering Pit LS 1 $30,000 $30,000
 Management of Spoils LS 1 $14,000 $14,000
 Loading of trench spoils to disposal trucks LS 1 $11,200 $11,200
 Transportation and Disposal of Spoils (assume non-haz and reuse) LS 1 $182,000 

Relocation of NHBB Plant Power

$182,000 

New Electrical Service LS 1 $50,000 

Right of Way Permitting/Access between former rail-bed and west side of Rt. 202 and on Trust Property

$50,000 

Permitting LS 1 $7,000 $7,000
 Restoration LS 1 $32,000 

PRB Oversight

$32,000 

Labor LS 1 $49,500 $49,500
 Hotel/Per Diem/ODC LS 1 $16,650 

Up, Down and Side-Gradient Barrier Monitoring Wells

$16,650 

Drilling Costs (10 well clusters) LS 1 $148,000 $148,000
 Oversight LS 1 $27,060 $27,060 

Subtotal - Construction Cost $2,816,900 

NON-CONSTRUCTION COST
 Contractor Fee (15% of Wall Capital Cost) $307,988
 Legal Fees, Licenses and Permits (2.5% of Capital Cost) $70,423
 Engineering and Administration (15% of Capital Cost) $422,535
 Contingency (20% of Subtotal) $563,380 

Subtotal - Non-Construction Cost $1,364,325 

TOTAL CAPITAL COST $4,181,230 

OPERATION & MAINTENANCE COST 

ITEM DESCRIPTION UNITS QUANTITY 2008 UNIT PRICE 
($) 

2008 TOTAL COST 
($) 

Barrier Performance Monitoring a. 

To be done concurrently with other Site GWM in support of mass 
reduction. 

each 3 $10,000 $30,000 

SUBTOTAL 
CONTINGENCY (10% of Subtotal) 

$30,000 
$3,000 

TOTAL $33,000 
Present Worth @ 7% discount rate for 30 years $438,163 

TOTAL CONSTRUCTION COSTS 
PRESENT WORTH O&M COST 
TOTAL PRESENT WORTH COST 

$4,181,230 
$438,160 

$4,619,390 
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Alternative 19 A - 500 FT.PRB Boundary Treatment and Containment 500 
Installation of 500 feet PRB parallel with Rt. 202 50 
Assumes on-NHBB property staging area and access to state right-of-way. 0.8 

length 
depth 
width 

20,000 
1,500 

cu. ft. 
tons iron 

Item Description Takeoff Qty Unit Total 
$/Unit Grand Total 

Mobilization/Demobilization 

Transportation Equipment and Staff 1 lsum 75,000 75,000 
TOTAL 75,000 

General Site Conditions 
Temp/Portable Job Facilities 3 month 9,900 29,700 
Sub Project Documentation (training, HASP, SWPP) 1 LF 12,000 12,000 

41,700 
Site Preparation 
Construct Work Platform 1 ea. 18,500 18,500 
Construct Temp 2-way access road between Rail bed and Rt. 202 1,000 LF 60 60,000 
Clearing & grubbing, dense brush, clear and grub 2 acre 3,500 7,000 
Construct Dewatering Cell 1 ea. 20,000 20,000 
Supply/Install silt fence 1,400 LF 1.6 2,240 
Dust Control - water truck, off highway, 6000 gallon capacity - Crew Equip. Cost per Day 36 days 400 14,400 
Road maintenance (bobcat with sweeper attachment) 36 days 300 10,800 

TOTAL 132,940 

Construct PRB - 500 x 50 x 3 
Delivered Granular Iron (volume based on bench testing results) 1,500 tons 875 1,312,500 
Excavate and Install trench with biopolymer slurry (500 X 50) 25,000 ft.2 22 550,000 
Granular Material for trench mix 2,700 tons 20 54,000 
Trench surface material seal - Aquablok 70 tons 285 19,950 
On-Site Materials Handling 5,100 tons 6 30,600 
Work Area dewatering pit 2,800 cu. yds. 4 11,200 

TOTAL 1,978,250 
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Spoils Management 
Sampling of Spoils for classification and disposal (Full TCLP w/ pest, herbs, RCI, paint filter) est. 
1sample/500 cu yds 

8 each 1,200 9,600 

Totals VOCs, SVOCs, Metals, Pest, Herbs, RCI 12 each 1,000 12,000 
On-Site Spoils Dewatering 1 lsum 30,000 30,000 
On-Site Spoils Hauling 2,800 cu. yds. 5 14,000 
Loading of Spoils into Transport Trucks 2,800 cu. yds. 4 11,200 
Transportation and Disposal of Trench Spoils (assume non-hazardous and reuse as cover 
material) 

3,640 tons 50 182,000 

TOTAL 258,800 

PRB Oversight 
Labor 45 days 1,100 49,500 
Hotel/Per Diem 45 days 235 10,575 
Truck/ODC 45 days 135 6,075 

TOTAL 66,150 
Right of Way Permitting/Access between former rail-bed and west side of Rt. 202 and on 
Trust Property 
Permitting 1 est. 7,000 7,000 
Right of way restoration - seed and mulch 2 acres 6,000 12,000 
Remove work platform and haul road 1 lsum 20,000 20,000 

TOTAL 39,000 

Relocation of Utilities 
New power run for NHBB facility 1 est 50,000 50,000 

TOTAL 50,000 
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Up, Down and Side-Gradient Barrier Monitoring Wells 
Assume 4 well clusters (nested) up and down gradient, 3 wells per cluster for a total of 24 wells -
100 feet per cluster - Rotosonic / ss 

800 ft. 115 92,000 

Assume 2 well clusters (nested) at wall terminal points, 3 wells per cluster for a total of 6 wells -
100 feet per cluster - Rotosonic / ss 

200 ft. 115 23,000 

Surface Completions 10 ea. 200 2,000 
ODCs per Cluster 10 ea. 500 5,000 
Development 30 wells 500 15,000 
Sonic Mobilization 1 ea. 5,000 5,000 
Spoils Disposal (assume non-haz.) 30 drums 200 6,000 
Oversight plus Truck 18 days 1,100 19,800 
Hotel Per Diem 18 days 235 4,230 
Truck/ODC 18 days 135 2,430 
Travel 600 ea. 1 600 

TOTAL 175,060 
Capital Costs 2,816,900 
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TABLE K-6 - PRELIMINARY ESTIMATE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS 

FOR PERMEABLE REACTIVE BARRIER
 

Alternative No. 19B 

Wall installation will required placement on Trust property. 
GeoSolutions, Inc., modified by Hull 
All subcontracted and material costs are assumed to be directly contracted and/or purchased by NHBB. 

Installation of a 400 feet PRB Parallel to Rt. 202 (Containment and Treatment) 
Treatment Zone estimated at 400 feet long by 50 feet deep, parallel to Site boundary. 

CAPITAL COST 

ITEM DESCRIPTION UNITS QUANTITY UNIT PRICE 
DOLLARS 

TOTAL COST 
DOLLARS 

Mobilization/Demobilization
 Transportation Equipment and Staff LS 1 $75,000 

General Site Conditions

$75,000 

Temporary Facilities and Project Documentation LS 1 $41,700 

Site Preparation

$41,700 

Clear and Grubbing, SWPP and Dust Control LS 1 $34,440 $34,440
 Work Platform and Haul Road LS 1 $78,500 $78,500
 Construct Dewatering Cell LS 1 $20,000 

Construct PRB - 400 x 50 x 3

$20,000 

Supply and Deliver Granular Iron LS 1 $1,050,000 $1,050,000
 Supply and Deliver Sand Aggregate LS 1 $44,000 $44,000
 Supply and Install Trench Cap LS 1 $17,100 $17,100
 Install Trench using Biopolymer Slurry LS 1 $440,000 $440,000
 On-site materials handling LS 1 $37,400 

Spoils Management

$37,400 

Totals and TCLP Analysis LS 1 $21,600 $21,600
 Management of Dewatering Pit LS 1 $30,000 $30,000
 Management of Spoils LS 1 $14,500 $14,500
 Loading of trench spoils to disposal trucks LS 1 $11,600 $11,600
 Transportation and Disposal of Spoils (assume non-haz and reuse) LS 1 $188,500 

Relocation of NHBB Plant Power

$188,500 

New Electrical Service LS 1 $50,000 

Right of Way Permitting/Access between former rail-bed and west side of Rt. 202 and on Trust Property

$50,000 

Permitting LS 1 $7,000 $7,000
 Restoration LS 1 $32,000 

PRB Oversight

$32,000 

Labor LS 1 $49,500 $49,500
 Hotel/Per Diem/ODC LS 1 $16,650 

Up, Down and Side-Gradient Barrier Monitoring Wells

$16,650 

Drilling Costs (10 well clusters) LS 1 $148,000 $148,000
 Oversight LS 1 $27,060 $27,060 

Subtotal - Construction Cost $2,434,550 

NON-CONSTRUCTION COST
 Contractor Fee (15% of Wall Capital Cost) $249,525
 Legal Fees, Licenses and Permits (2.5% of Capital Cost) $60,864
 Engineering and Administration (15% of Capital Cost) $365,183
 Contingency (20% of Subtotal) $486,910 

Subtotal - Non-Construction Cost $1,162,481 

TOTAL CAPITAL COST $3,597,030 

OPERATION & MAINTENANCE COST 

ITEM DESCRIPTION UNITS QUANTITY 2008 UNIT PRICE 
($) 

2008 TOTAL COST 
($) 

Barrier Performance Monitoring a. 

To be done concurrently with other Site GWM in support of mass 
reduction. 

each 3 $10,000 $30,000 

SUBTOTAL 
CONTINGENCY (10% of Subtotal) 

$30,000 
$3,000 

TOTAL $33,000 
Present Worth @ 7% discount rate for 30 years $438,163 

TOTAL CONSTRUCTION COSTS 
PRESENT WORTH O&M COST 
TOTAL PRESENT WORTH COST 

$3,597,030 
$438,160 

$4,035,190 
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Alternative 19B- PRB Boundary Treatment and Containment 400 
Installation of 400 feet PRB parallel with Rt. 202 50 
Assumes on-NHBB property staging area and access to state right-of-way. 0.8 

length 
depth 
width 

16,000 
1,200 

cu. ft. 
tons iron 

Item Description Takeoff Qty Unit Total 
$/Unit Grand Total 

Mobilization/Demobilization 

Transportation Equipment and Staff 1 lsum 75,000 75,000 
TOTAL 75,000 

General Site Conditions 
Temp/Portable Job Facilities 3 month 9,900 29,700 
Sub Project Documentation (training, HASP, SWPP) 1 LF 12,000 12,000 

41,700 
Site Preparation 
Construct Work Platform 1 ea. 18,500 18,500 
Construct Temp 2-way access road between Rail bed and Rt. 202 1,000 LF 60 60,000 
Clearing & grubbing, dense brush, clear and grub 2 acre 3,500 7,000 
Construct Dewatering Cell 1 ea. 20,000 20,000 
Supply/Install silt fence 1,400 LF 1.6 2,240 
Dust Control - water truck, off highway, 6000 gallon capacity - Crew Equip. Cost per Day 36 days 400 14,400 
Road maintenance (bobcat with sweeper attachment) 36 days 300 10,800 

TOTAL 132,940 

Construct PRB - 400 x 50 x 3 
Delivered Granular Iron (volume based on bench testing results) 1,200 tons 875 1,050,000 
Excavate and Install trench with biopolymer slurry (400 X 50) 20,000 ft.2 22 440,000 
Granular Material for trench mix 2,200 tons 20 44,000 
Trench surface material seal - Aquablok 60 tons 285 17,100 
On-Site Materials Handling 3,500 tons 6 21,000 
Work Area dewatering pit 4,100 cu. yds. 4 16,400 

TOTAL 1,588,500 
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Alternative 19B- PRB Boundary Treatment and Containment 
Installation of 400 feet PRB parallel with Rt. 202 
Assumes on-NHBB property staging area and access to state right-of-way. 

400 
50 
0.8 

length 
depth 
width 

16,000 
1,200 

cu. ft. 
tons iron 

Item Description Takeoff Qty Unit Total 
$/Unit Grand Total 

Spoils Management 
Sampling of Spoils for classification and disposal (Full TCLP w/ pest, herbs, RCI, paint filter) est. 
1sample/500 cu yds 

8 each 1,200 9,600 

Totals VOCs, SVOCs, Metals, Pest, Herbs, RCI 12 each 1,000 12,000 
On-Site Spoils Dewatering 1 lsum 30,000 30,000 
On-Site Spoils Hauling 2,900 cu. yds. 5 14,500 
Loading of Spoils into Transport Trucks 2,900 cu. yds. 4 11,600 
Transportation and Disposal of Trench Spoils (assume non-hazardous and reuse as cover 
material) 

3,770 tons 50 188,500 

TOTAL 266,200 

PRB Oversight 
Labor 45 days 1,100 49,500 
Hotel/Per Diem 45 days 235 10,575 
Truck/ODC 45 days 135 6,075 

TOTAL 66,150 
Right of Way Permitting/Access between former rail-bed and west side of Rt. 202 and on 
Trust Property 
Permitting 1 est. 7,000 7,000 
Right of way restoration - seed and mulch 2 acres 6,000 12,000 
Remove work platform and haul road 1 lsum 20,000 20,000 

TOTAL 39,000 

Relocation of Utilities 
New power run for NHBB facility 1 est 50,000 50,000 

TOTAL 50,000 
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Alternative 19B- PRB Boundary Treatment and Containment 
Installation of 400 feet PRB parallel with Rt. 202 
Assumes on-NHBB property staging area and access to state right-of-way. 

400 
50 
0.8 

length 
depth 
width 

16,000 
1,200 

cu. ft. 
tons iron 

Item Description Takeoff Qty Unit Total 
$/Unit Grand Total 

Up, Down and Side-Gradient Barrier Monitoring Wells 
Assume 4 well clusters (nested) up and down gradient, 3 wells per cluster for a total of 24 wells -
100 feet per cluster - Rotosonic / ss 

800 ft. 115 92,000 

Assume 2 well clusters (nested) at wall terminal points, 3 wells per cluster for a total of 6 wells -
100 feet per cluster - Rotosonic / ss 

200 ft. 115 23,000 

Surface Completions 10 ea. 200 2,000 
ODCs per Cluster 10 ea. 500 5,000 
Development 30 wells 500 15,000 
Sonic Mobilization 1 ea. 5,000 5,000 
Spoils Disposal (assume non-haz.) 30 drums 200 6,000 
Oversight plus Truck 18 days 1,100 19,800 
Hotel Per Diem 18 days 235 4,230 
Truck/ODC 18 days 135 2,430 
Travel 600 ea. 1 600 

TOTAL 175,060 
Capital Costs 2,434,550 
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TABLE K-7 - PRELIMINARY ESTIMATE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS 

FOR ELECTRICAL RESISTANCE HEATING OF THE >100,000 PPB TREATMENT ZONE
 

Alternative No. 3 

Estimated 11,600 pounds of VOC mass 
Provided by Thermal Remediation Services 
All subcontracted and material costs are assumed to be directly contracted and/or purchased by NHBB. 

Electrical Resistance Heating of >100,000 Treatment Zone (10,600 sq. ft./13,740 cu. yds.) 

CAPITAL COST 

ITEM DESCRIPTION UNITS QUANTITY UNIT PRICE 
DOLLARS 

TOTAL COST 
DOLLARS 

Mobilization/Demobilization
 Transportation Equipment and Staff LS 1 $20,000 $20,000
 Temporary Facilities LS 1 $15,000 $15,000
 Procurement and Mobilization LS 1 $265,000 $265,000
 Demobilization 

System Installation

LS 1 $20,000 $20,000 

Drilling LS 1 $154,440 $154,440
 Subsurface Installation of Laterals/Trenching LS 1 $57,670 $57,670
 Subsurface Install LS 1 $97,000 $97,000
 Waste Disposal LS 1 $24,000 $24,000
 Electrical Connection to PCU LS 1 $15,000 $15,000
 Air Monitoring LS 1 $2,000 $2,000 

Oversight 

System Operation

LS 1 $54,000 $54,000 

Surface Installation and Start-Up LS 1 $208,000 $208,000
 System Operation LS 1 $506,000 $506,000
 Electricity LS 1 $653,000 $653,000
 Carbon Usage/Regeneration LS 1 $86,400 $86,400
 Condensate Disposal LS 1 $1,000 $1,000
 Other Operational Costs 

Monitoring Well Installation

LS 1 $47,000 $47,000 

Sonic Drilling LS 1 $30,400 $30,400
 Oversight LS 1 $9,315 $9,315
 Baseline Sampling LS 1 $3,080 $3,080 

Confirmation Sampling 

Surface Restoration

LS 1 $25,465 $25,465 

Asphalt/Concrete Repair LS 1 $25,000 $25,000 

Subtotal - Construction Cost 

NON-CONSTRUCTION COST

$2,318,770 

Contractor Fee (0% of Capital Cost) $0
 Legal Fees, Licenses and Permits (2.5% of Capital Cost) $57,969
 Engineering and Administration (20% of Capital Cost) $463,754
 Contingency (20% of Subtotal) $463,754 

Subtotal - Non-Construction Cost $985,477 

TOTAL CAPITAL COST $3,304,250 

OPERATION & MAINTENANCE COST 

ITEM DESCRIPTION UNITS QUANTITY 2008 UNIT PRICE 
($) 

2008 TOTAL COST 
($) 

Performance Monitoring and Reporting quarter 3 $20,000 $60,000 

SUBTOTAL 
CONTINGENCY (10% of Subtotal) 

$60,000 
$6,000 

TOTAL $66,000 
Present Worth @ 7% discount rate for 10 years $496,005 

TOTAL CONSTRUCTION COSTS 
PRESENT WORTH O&M COST 
TOTAL PRESENT WORTH COST 

$3,304,250 
$496,005 

$3,800,255 
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 Alternative 3 - ERH in 100,000 zone 

Estimated mass 11,600 lbs/ treatment from 10-50 feet. 

cu. yds. 
sq. ft. 
mass 

13,740 
10,600 
11,600 lbs 

Item Description Takeoff Qty Unit Total 
$/Unit Grand Total 

Mobilization/Demobilization 
Temporary Facilities 1 lsum 15,000 15,000 
Transportation Equipment and Staff 1 lsum 20,000 20,000 
Procurement and Mobilization 1 lsum 265,000 265,000 
Demobilization 1 lsum 20,000 20,000 

TOTAL 320,000 

System Installation 

Drilling and Soil Sampling (38 electrodes/38 SVE) 2,376 ft. 65 154,440 
Subsurface lateral trenching 730 ft. 79 57,670 
Subsurface Installation (TRS oversight, Concrete Coring, traffic rated vaults) 1 lsum 97,000 97,000 
Waste Disposal 80 tons 300 24,000 
Electrical Connection to PCU 1 lsum 15,000 15,000 
Air Monitoring (Indoor and Outdoor Stations) 1 month 2,000 2,000 

TOTAL 350,110 

Oversight 1350 day 40 54,000 

System Operation 
Surface Installation and Start-up 1 est. 208,000 208,000 
System Operation (Labor/Operation) 1 est. 506,000 506,000 

40 vapor samples, 17 discharge samples, labor 0 
Electricity Usage 4,664,286 kWh 0.14 653,000 
Carbon Usage, Transportation and Regeneration 48,000 lbs 1.8 86,400 
Waste Disposal (assume NAPL or sludge accumulation) 1 est. 10,000 10,000 
Water/Condensate Disposal 1 est. 1,000 1,000 
Other Operational Costs 1 est. 47,000 47,000 

TOTAL 1,511,400 
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 Alternative 3 - ERH in 100,000 zone 

Estimated mass 11,600 lbs/ treatment from 10-50 feet. 

cu. yds. 
sq. ft. 
mass 

13,740 
10,600 
11,600 lbs 

Item Description Takeoff Qty Unit Total 
$/Unit Grand Total 

Monitoring Well Installation 
Two 3-well clusters between building and wetlands (sonic) - assume 160 feet per cluster 320 ft. 95 30,400 
Development 6 ea 400 2,400 
Oversight 6 days 1,100 6,600 
Travel 1 ea 600 600 
Hotel, Per Diem, Truck 9 days 235 2,115 
Baseline sampling (labor plus 8 voc samples) 1 ea 3,080 3,080 

TOTAL 45,195 
Confirmation Sampling 
Confirmation Sampling and Analysis (assume 8 boring) -Direct Push to 50 feet 6 days 2,000 12,000 
Oversight 1,100 days 7 7,700 
Travel 600 ea. 1 600 
Hotel, Per Diem, Truck 235 days 7 1,645 
VOC Analysis 32 ea. 110 3,520 

TOTAL 25,465 

Surface Restoration 
Asphalt/Concrete Repair 10,000 sq. ft. 2.5 25,000 

TOTAL 25,000 
Capital Costs 2,331,170 
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TABLE K-8 - PRELIMINARY ESTIMATE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS 

FOR ELECTRICAL RESISTANCE HEATING OF THE MODIFIED >100,000 PPB TREATMENT ZONE
 

Alternative No. 3A Modified 

Estimated 14,500 pounds of VOC mass 
Provided by Thermal Remediation Services 
All subcontracted and material costs are assumed to be directly contracted and/or purchased by NHBB. 

Electrical Resistance Heating of >100,000 ppb Modified Treatment Zone (19,715 sq. ft./25,600 
cu. yds.) 

CAPITAL COST 

ITEM DESCRIPTION UNITS QUANTITY UNIT PRICE 
DOLLARS 

TOTAL COST 
DOLLARS 

Mobilization/Demobilization
 Transportation Equipment and Staff LS 1 $20,000 $20,000
 Temporary Facilities LS 1 $15,000 $15,000
 Procurement and Mobilization LS 1 $376,000 $376,000
 Demobilization 

System Installation

LS 1 $70,000 $70,000 

Drilling LS 1 $261,364 $261,364
 Subsurface Installation of Laterals/Trenching LS 1 $130,540 $130,540
 Subsurface Install LS 1 $133,000 $133,000
 Waste Disposal LS 1 $33,000 $33,000
 Electrical Connection to PCU LS 1 $15,000 $15,000 

Oversight 

System Operation

LS 1 $60,750 $60,750 

Surface Installation and Start-Up LS 1 $319,000 $319,000
 System Operation LS 1 $613,000 $613,000
 Electricity LS 1 $1,054,500 $1,054,500
 Carbon Usage/Regeneration LS 1 $109,800 $109,800
 Condensate Disposal LS 1 $1,000 $1,000
 Other Operational Costs 

Monitoring Well Installation

LS 1 $37,000 $37,000 

Sonic Drilling LS 1 $30,400 $30,400
 Oversight LS 1 $12,615 $12,615
 Baseline Sampling LS 1 $3,080 $3,080 

Confirmation Sampling 

Surface Restoration

LS 1 $38,080 $38,080 

Asphalt/Concrete Repair LS 1 $27,500 $27,500 

Subtotal - Construction Cost 

NON-CONSTRUCTION COST

$3,360,629 

Contractor Fee (0% of Capital Cost) $0
 Legal Fees, Licenses and Permits (2.5% of Capital Cost) $84,016
 Engineering and Administration (15% of Capital Cost) $504,094
 Contingency (40% of Subtotal) $1,344,252 

Subtotal - Non-Construction Cost $1,932,362 

TOTAL CAPITAL COST $5,293,000 

OPERATION & MAINTENANCE COST 

ITEM DESCRIPTION UNITS QUANTITY 2008 UNIT 
PRICE ($) 

2008 TOTAL COST 
($) 

Performance Monitoring and Reporting quarter 3 $20,000 $60,000 

SUBTOTAL 
CONTINGENCY (10% of Subtotal) 

$60,000 
$6,000 

TOTAL $66,000 
Present Worth @ 7% discount rate for 10 years $496,005 

TOTAL CONSTRUCTION COSTS 
PRESENT WORTH O&M COST 
TOTAL PRESENT WORTH COST 

$5,293,000 
$496,005 

$5,789,010 
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 Alternative 3A - ERH in 100,000 ppb Modifed zone 

Estimated mass 14,500 lbs/ treatment from 15-50 feet. 

sq. ft. 
cu. yds 

lbs. 

19,715 
25,600 
14,500 

Item Description Takeoff Qty Unit Total 
$/Unit Grand Total 

Mobilization/Demobilization 
Temporary Facilities 1 lsum 15,000 15,000 
Transportation Equipment and Staff 1 lsum 20,000 20,000 
Procurement and Mobilization 1 lsum 376,000 376,000 
Demobilization 1 lsum 70,000 70,000 

TOTAL 481,000 

System Installation 
Drilling and Soil Sampling (58 electrodes/58 SVE) 3,439 ft. 76 261,364 
Subsurface lateral trenching/1220 feet trench and 57 vaults 1220 ft. 107 130,540 
Subsurface Installation (TRS oversight, Concrete Coring, traffic rated vaults) 1 lsum 133,000 133,000 
Waste Disposal 110 tons 300 33,000 
Electrical Connection to PCU 1 lsum 15,000 15,000 

TOTAL 572,904 

Oversight 1350 day 45 60,750 

System Operation 
Surface Installation and Start-up 1 est. 319,000 319,000 
System Operation (Labor/Operation) 1 est. 613,000 613,000 

53 vapor samples, 23 discharge samples, labor 192 hrs 
Electricity Usage 7,030,000 kWh 0.15 1,054,500 
Carbon Usage, Transportation and Regeneration 61,000 lbs 1.8 109,800 
Water/Condensate Disposal 1 est. 1,000 1,000 
Other Operational Costs 1 est. 37,000 37,000 

TOTAL 2,134,300 
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 Alternative 3A - ERH in 100,000 ppb Modifed zone 

Estimated mass 14,500 lbs/ treatment from 15-50 feet. 

sq. ft. 
cu. yds 

lbs. 

19,715 
25,600 
14,500 

Monitoring Well Installation 
Two 3-well clusters between building and wetlands (sonic) - assume 160 feet per cluster 320 ft. 95 30,400 
Oversight 9 days 1,100 9,900 
Travel 1 ea 600 600 
Hotel, Per Diem, Truck 9 days 235 2,115 
Baseline sampling (labor plus 8 voc samples) 1 ea 3,080 3,080 

TOTAL 46,095 
Confirmation Sampling 
Confirmation Sampling and Analysis (assume 15 boring) -Direct Push to 50 feet 8 days 2,000 16,000 
Oversight 8 days 1,100 8,800 
Travel 8 ea. 600 4,800 
Hotel, Per Diem, Truck 8 days 235 1,880 
VOC Analysis 60 ea. 110 6,600 

TOTAL 38,080 

Surface Restoration 
Asphalt/Concrete Repair 11,000 sq. ft. 2.5 27,500 

TOTAL 27,500 

Capital Costs 3,360,629 
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TABLE K-9 - PRELIMINARY ESTIMATE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS 

FOR IN-SITU THERMAL DESTRUCTION AND STEAM ENHANCED EXTRACTION OF THE >100,000 PPB TREATMENT ZONE
 

Alternative No. 4 

Estimated 11,600 pounds of VOC mass 
Provided by TerraTherm 
All subcontracted and material costs are assumed to be directly contracted and/or purchased by NHBB. 

ISTD and SEE of >100,000 Treatment Zone (10,600 sq. ft./13,740 cu. yds.) 

CAPITAL COST 

ITEM DESCRIPTION UNITS QUANTITY UNIT PRICE 
DOLLARS 

TOTAL COST 
DOLLARS 

Mobilization/Demobilization
 Transportation Equipment and Staff LS 1 $20,000 $20,000
 Procurement and Mobilization LS 1 $115,000 $115,000
 Demobilization and Summary Report 

System Installation

LS 1 $97,000 $97,000 

Drilling LS 1 $608,000 $608,000
 Waste Disposal LS 1 $30,000 $30,000
 Mechanical Construction LS 1 $103,000 $103,000
 Steam Generation and Equipment LS 1 $93,000 $93,000
 ISTD Power Equipment LS 1 $57,000 $57,000
 Electrical Construction LS 1 $124,000 $124,000
 Power Drop LS 1 $27,000 $27,000
 Effluent Treatment LS 1 $427,000 $427,000
 Air Monitoring LS 1 $2,000 $2,000
 Start Up and Shake Down LS 1 $67,000 $67,000
 Hull Oversight 

System Operation

LS 1 $69,000 $69,000 

Maintenance ODC LS 1 $71,000 $71,000
 Labor Per Diem Travel (TerraTherm) LS 1 $99,000 $99,000
 Process Monitoring and Sampling LS 1 $20,000 $20,000
 Waste Disposal LS 1 $15,000 $15,000
 Rental Fees LS 1 $40,000 $40,000
 Electricity LS 1 $220,889 $220,889
 Steam 

Monitoring Well Installation

LS 1 $90,200 $90,200 

Sonic Drilling LS 1 $33,400 $33,400
 Oversight LS 1 $12,615 $12,615
 Baseline Sampling 

Confirmation Sampling

LS 1 $3,080 $3,080 

Drilling and Analysis LS 1 $21,760 $21,760
 Oversight 

Surface Restoration

LS 1 $11,515 $11,515 

Asphalt/Concrete Repair LS 1 $26,500 $26,500 

Subtotal - Construction Cost 

NON-CONSTRUCTION COST

$2,503,959 

Contractor Fee (0% of Capital Cost) $0
 Legal Fees, Licenses and Permits (5% of Capital Cost) $125,198
 Engineering and Administration (20% of Capital Cost) $500,792
 Contingency (20% of Subtotal) $500,792 

Subtotal - Non-Construction Cost $1,126,782 

TOTAL CAPITAL COST $3,630,740 

OPERATION & MAINTENANCE COST 

ITEM DESCRIPTION UNITS QUANTITY 2008 UNIT PRICE 
($) 

2008 TOTAL COST 
($) 

Performance Monitoring (Groundwater ) and Reporting quarter 3 $20,000 $60,000 

SUBTOTAL 
CONTINGENCY (10% of Subtotal) 

$60,000 
$6,000 

TOTAL $66,000 
Present Worth @ 7% discount rate for 10 years $496,005 

TOTAL CONSTRUCTION COSTS 
PRESENT WORTH O&M COST 
TOTAL PRESENT WORTH COST 

$3,630,740 
$496,005 

$4,126,745 
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 Alternative 4 - ISTD/SEE in 100,000 zone 
Provided by TerraTherm 
Estimated mass 11,600 lbs/ treatment from 15-50 feet. 

cu. yds. 
sq. ft. 
mass 

13,740 
10,600 
11,600 lbs 

Item Description Takeoff Qty Unit Total 
$/Unit Grand Total 

Mobilization/Demobilization 
Transportation Equipment and Staff 1 lsum 20,000 20,000 
Procurement and Mobilization 1 lsum 115,000 115,000 
Demobilization and Final Report 1 lsum 97,000 97,000 

TOTAL 232,000 

System Installation 
Drilling and Soil Sampling (87 HO, 17 SVE, 36 STM INJ, 8 STM EX, 14 TEMP) 1 est. 608,000 608,000 
Waste Disposal (assume hazardous cutting/trench spoils) 100 tons 300 30,000 
Mechanical Construction 1 est. 103,000 103,000 
Steam Generation Equip 1 est. 93,000 93,000 
ISTD Power Equipment 1 est. 57,000 57,000 
Electrical construction 1 est. 124,000 124,000 
Power Drop 1 est. 27,000 27,000 
Effluent Treatment 1 est. 427,000 427,000 
Air Monitoring (Indoor and Outdoor Stations) 1 month 2,000 2,000 
Startup and Shakedown 1 est. 67,000 67,000 
Oversight (Hull) 45 days 1,100 50,000 
Hotel/Per Diem 47 days 235 12,000 
Truck ODC 47 days 135 7,000 

TOTAL 1,607,000 
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 Alternative 4 - ISTD/SEE in 100,000 zone 
Provided by TerraTherm 
Estimated mass 11,600 lbs/ treatment from 15-50 feet. 

cu. yds. 
sq. ft. 
mass 

13,740 
10,600 
11,600 lbs 

Item Description Takeoff Qty Unit Total 
$/Unit Grand Total 

System Operation 
Maintenance ODC 1 est. 71,000 71,000 
Labor Travel Per Diem (TerraTherm) 1 est. 99,000 99,000 
Process Monitoring and Sampling 1 est. 20,000 20,000 
Waste Disposal (assume generation of NAPL and/or sludges) 1 est. 15,000 15,000 
Rental and Fees 1 est. 40,000 40,000 
Electricity 1,577,778 kWh 0.14 220,889 
Steam 4,100 MBTU 22 90,200 

TOTAL 556,089 

Monitoring Well Installation 
Two 3-well clusters between building and wetlands (sonic) assume 160 per cluster 320 ft. 95 30,400 
Well Development 6 ea. 500 3,000 
Oversight (Hull) 9 days 1,100 9,900 
Travel 1 ea. 600 600 
Hotel, Per Diem, Truck 9 days 235 2,115 
Baseline Sampling (labor and voc) 1 ea. 3,080 3,080 

TOTAL 49,095 
Confirmation Sampling 
Confirmation Sampling and Analysis (assume 8 boring) -Direct Push to 50 feet 8 days 2,500 20,000 
Oversight (Hull) 1,100 days 8 8,800 
Travel 600 ea. 1 600 
Hotel, Per Diem, Truck 235 days 9 2,115 
VOC Analysis 16 ea. 110 1,760 

TOTAL 33,275 
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 Alternative 4 - ISTD/SEE in 100,000 zone 
Provided by TerraTherm 
Estimated mass 11,600 lbs/ treatment from 15-50 feet. 

cu. yds. 
sq. ft. 
mass 

13,740 
10,600 
11,600 lbs 

Item Description Takeoff Qty Unit Total 
$/Unit Grand Total 

Surface Restoration 
Asphalt/Concrete Repair 10,600 sq. ft. 2.50 26,500 

TOTAL 26,500 
Capital Costs 2,503,959 
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TABLE K-10 - PRELIMINARY ESTIMATE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS 

FOR POTASSIUM PERMANGANATE ISCO OF THE >100,000 PPB TREATMENT ZONE
 

Alternative No. 5 

Treatment Zone estimated at 10,600 sq. ft./13,740 cu. yds. 
Estimated 11,600 pounds of VOC mass. 
XDD, LLC., modified by Hull 
All subcontracted and material costs are assumed to be directly contracted and/or purchased by NHBB. 

Application of Mulitple ISCO Reagents in >100,000 ppb Treatment Zone. 

CAPITAL COST 

ITEM DESCRIPTION UNITS QUANTITY UNIT PRICE 
DOLLARS 

TOTAL COST 
DOLLARS 

Mobilization/Demobilization
 Transportation Equipment and Staff 

Reagent Costs 

LS 1 $60,000 $60,000 

Potassium permanganate and Catalyzed Hydrogen Peroxide LS 1 $785,551 $785,551
 Tax 

Drilling and ISCO Application Costs

LS 1 $54,989 $54,989 

Pilot Drilling LS 1 $69,420 $69,420
 Full Scale Drilling LS 1 $75,400 $75,400
 Injection Equipment and Labor LS 1 $787,130 $787,130
 Oversight LS 1 $302,375 $302,375
 Drilling ODC 

Installation of Additional Monitoring Wells

LS 1 $30,000 $30,000 

Drilling/Development LS 1 $33,400 $33,400
 Oversight LS 1 $14,100 $14,100
 Baseline Sampling 

Routine Sampling Throughout Remedy 

LS 1 $3,080 $3,080 

Labor LS 1 $55,250 $55,250
 ODC LS 1 $45,495 $45,495
 Analytical 

Vapor Mitigation System

LS 1 $35,100 $35,100 

Drilling LS 1 $62,500 $62,500
 Mechanical LS 1 $25,000 $25,000
 Electrical LS 1 $10,000 $10,000
 ODC LS 1 $10,000 $10,000
 Oversight LS 1 $44,550 $44,550 

Subtotal - Construction Cost $2,503,340 

NON-CONSTRUCTION COST
 Contractor Fee (0% of Capital Cost) $0
 Legal Fees, Licenses and Permits (5% of Capital Cost) $125,167
 Engineering and Administration (20% of Capital Cost) $500,668
 Contingency (20% of Subtotal) $500,668 

Subtotal - Non-Construction Cost $1,126,503 

TOTAL CAPITAL COST $3,629,850 

OPERATION & MAINTENANCE COST 

ITEM DESCRIPTION UNITS QUANTITY 2008 UNIT PRICE 
($) 

2008 TOTAL COST 
($) 

Annual Performance Monitoring (Groundwater) and Reporting quarter 3 $24,000 $72,000 

SUBTOTAL 
CONTINGENCY (10% of Subtotal) 

$72,000 
$7,200 

SUB TOTAL $79,200 
Present Worth @ 7% discount rate for 10 years $595,206 

Vapor System O&M month 12 $6,000 $72,000 
SUBTOTAL 
CONTINGENCY (10% of Subtotal) 

$72,000 
$7,200 

SUB TOTAL $79,200 
Present Worth @ 7% discount rate for 3 years $222,395 

TOTAL CONSTRUCTION COSTS 
PRESENT WORTH O&M COST 
TOTAL PRESENT WORTH COST 

$3,629,850 
$817,600 

$4,447,450 
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Alternative 5 - Mixed ISCO of >100,000 ppb 
Treatment zone from 15 to 50 
Pilot app=418,641 gals CHP full scale =732,621 gals KMn03 polish = 416,262 gals 
Assume ROI = 12' XDD cost 150/yd3 

cu. yds. 

sq. ft. 
mass 

13,740 

10,600 
11,600 

Item Description Takeoff Qty Unit Total 
$/Unit Grand Total 

Mobilization/Demobilization 
Transportation Equipment and Staff 3 lsum 20,000 60,000 

TOTAL 60,000 
Reagent Costs 
CHP Pilot 174,630 lbs 1.00 174,630 
CHP Full Scale 291,050 lbs 1.00 291,050 
KMn04 Polish 130,029 lbs 2.46 319,871 
Tax (7%) 1 est. 54,989 54,989 

TOTAL 840,540 
Drilling and ISCO Application Costs 
Pilot Test Drilling (15-35 feet, 26 clusters) 1,335 ft 52 69,420 

Full Scale Drilling (15-50 feet, 26 clusters) 1,450 ft 52 75,400 

Drilling ODC (per mob.) 2 est. 15,000 30,000 
Pilot Application (29 injection days) 1 ea. 236,813 236,813 

Full Scale CHP application (44 injection days) 1 ea. 318,425 318,425 
KMn04 polish (25 injection days) 1 ea. 231,892 231,892 
Hull Oversight 100 days 1,100 110,000 
Hull Travel 500 ea. 10 5,000 
Hotel/Per Diem 100 days 235 23,500 
ODC/Vehicle 100 days 150 15,000 
Hull Oversight 75 day 1,100 82,500 
Travel 75 ea 500 37,500 
Hotel/Perdiem 75 day 235 17,625 
ODC/Vehicle 75 day 150 11,250 

TOTAL 1,264,325 
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Alternative 5 - Mixed ISCO of >100,000 ppb 
Treatment zone from 15 to 50 
Pilot app=418,641 gals CHP full scale =732,621 gals KMn03 polish = 416,262 gals 
Assume ROI = 12' XDD cost 150/yd3 

cu. yds. 

sq. ft. 
mass 

13,740 

10,600 
11,600 

Item Description Takeoff Qty Unit Total 
$/Unit Grand Total 

Installation of Additional Monitoring Wells 
Two 3-well clusters between building and wetlands (sonic) - 160 ft/cluster 320 ft. 95 30,400 
Development 500 well 6 3,000 
Oversight 9 days 1,100 9,900 
Travel 1 ea. 600 600 
Hotel, Per Diem, Truck 9 days 235 2,115 
ODC/Vehicle 11 days 135 1,485 
Sampling labor 2 days 1,100 2,200 
Analysis - voc 8 ea. 110 880 

TOTAL 50,580 

Vapor Mitigation System 
Directional Drilling (4 x 125 foot laterals) 500 ft. 125 62,500 
Mechanical Components 1 ea. 25,000 25,000 
Electrical 1 ea. 10,000 10,000 
Oversight 30 days 1,100 33,000 
Hotel/Per Diem 30 days 235 7,050 
ODC/Vehicle 30 days 150 4,500 
System ODC 1 est. 10,000 10,000 

TOTAL 152,050 
Routine Sampling Throughout Remedy 
Labor (man-hours) 650 hrs. 85 55,250 
Analytical 325 samples 108 35,100 
Hotel/Per Diem (2 people) 36 days 470 16,920 
ODC/Vehicle 45 days 235 10,575 
Equipment 9 est. 2,000 18,000 

TOTAL 135,845 

Capital Costs 2,503,340 
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TABLE K-11 - PRELIMINARY ESTIMATE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS 

FOR ELECTRIC RESISTANCE HEATING OF THE >10,000 PPB TREATMENT ZONE
 

Alternative No. 6 

Treatment Zone estimated at 30,665 sq. ft./45,400 cu. yds. 
Estimated 15,307 pounds of VOC mass 
Provided by Thermal Remediation Services, modified by Hull 
All subcontracted and material costs are assumed to be directly contracted and/or purchased by NHBB. 

Electrical Resistance Heating of >10,000 Treatment Zone 

CAPITAL COST 

ITEM DESCRIPTION UNITS QUANTITY UNIT PRICE 
DOLLARS 

TOTAL COST 
DOLLARS 

Mobilization/Demobilization
 Transportation Equipment and Staff LS 1 $20,000 $20,000
 Temporary Facilities LS 1 $15,000 $15,000
 Procurement and Mobilization LS 1 $684,000 $684,000
 Demobilization and Summary Report 

System Installation

LS 1 $117,000 $117,000 

Drilling LS 1 $365,300 $365,300
 Subsurface Installation of Laterals/Trenching LS 1 $175,770 $175,770
 Subsurface Install LS 1 $164,000 $164,000
 Waste Disposal LS 1 $56,100 $56,100
 Electrical Connection to PCU LS 1 $30,000 $30,000
 Air Monitoring 

System Operation

LS 1 $3,000 $3,000 

Surface Installation and Start-Up LS 1 $379,000 $379,000
 System Operation LS 1 $1,053,000 $1,053,000
 Electricity LS 1 $1,708,000 $1,708,000
 Carbon Usage/Regeneration LS 1 $128,000 $128,000
 Condensate Disposal LS 1 $1,000 $1,000
 Other Operational Costs 

Monitoring Well Installation

LS 1 $45,000 $45,000 

Drilling LS 1 $33,400 $33,400
 Oversight LS 1 $12,615 $12,615
 Baseline Sampling LS 1 $3,080 $3,080 

Confirmation Sampling 

Surface Restoration

LS 1 $82,100 $82,100 

Asphalt/Concrete Repair LS 1 $76,663 $76,663 

Subtotal - Construction Cost 

NON-CONSTRUCTION COST

$5,152,028 

Contractor Fee (0% of Capital Cost) $0
 Legal Fees, Licenses and Permits (2.5% of Capital Cost) $128,801
 Engineering and Administration (20% of Capital Cost) $1,030,406
 Contingency (20% of Subtotal) $1,030,406 

Subtotal - Non-Construction Cost $2,189,612 

TOTAL CAPITAL COST $7,341,639 

OPERATION & MAINTENANCE COST 

ITEM DESCRIPTION UNITS QUANTITY 2008 UNIT 
PRICE ($) 

2008 TOTAL COST 
($) 

Performance Monitoring (Groundwater) and Reporting quarter 3 $20,000 $60,000 

SUBTOTAL 
CONTINGENCY (10% of Subtotal) 

$60,000 
$6,000 

TOTAL $66,000 
Present Worth @ 7% discount rate for 10 years $496,005 

TOTAL CONSTRUCTION COSTS 
PRESENT WORTH O&M COST 
TOTAL PRESENT WORTH COST 

$7,341,639 
$496,005 

$7,837,645 
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 Alternative 6 - ERH in 10,000 zone 

estimated mass 15,307 lbs treatment from 10-50 feet. 

cu. yds. 
sq. ft. 
mass 

45,400 
30,665 
15,307 

Item Description Takeoff Qty Unit Total $/Unit Grand Total 

Mobilization/Demobilization 
Temporary Facilities 1 lsum 15,000 15,000 
Transportation Equipment and Staff 1 lsum 20,000 20,000 
Procurement and Mobilization 1 lsum 684,000 684,000 
Demobilization and Final Report (includes well abandonment) 1 lsum 117,000 117,000 

TOTAL 836,000 

System Installation 
Drilling and Soil Sampling (92 electrodes/92 SVE) 5,620 ft. 65 365,300 
Subsurface lateral trenching 1,890 ft. 93 175,770 
Subsurface Installation (TRS oversight, Concrete Coring, traffic rated vaults) 1 lsum 164,000 164,000 
Waste Disposal 187 tons 300 56,100 
Electrical Connection to PCU 1 lsum 30,000 30,000 
Selective tree and shrub removal, selective clearing brush mowing, heavy density, tractor with 
rotary mower, excludes removal offsite 

0 acre 1,509 0 

Air Monitoring (Indoor and Outdoor Stations) 1.5 months 2,000 3,000 
TOTAL 794,170 

System Operation 
Surface Installation and Start-up 1 est. 379,000 379,000 
System Operation (Labor/Operation) 1 est. 1,053,000 1,053,000 

76 vapor samples, 30 discharge samples, labor 
Electricity Usage 12,200,000 kWh 0.14 1,708,000 
Carbon Usage, Transportation and Regeneration 71,000 lbs 1.80 128,000 
Water/Condensate Disposal 1 est. 1,000 1,000 
Other Operational Costs 1 est. 45,000 45,000 

TOTAL 3,314,000 
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 Alternative 6 - ERH in 10,000 zone 

estimated mass 15,307 lbs treatment from 10-50 feet. 

cu. yds. 
sq. ft. 
mass 

45,400 
30,665 
15,307 

Item Description Takeoff Qty Unit Total $/Unit Grand Total 

Monitoring Well Installation 
Two - 3 well clusters between building and wetlands (sonic) - 160 feet per cluster 320 ft. 95 30,400 
Development 6 ea. 500 3,000 
Oversight 9 days 1,100 9,900 
Travel 1 ea. 600 600 
Hotel, Per Diem, Truck 9 days 235 2,115 
Baseline Sampling 1 ea. 3,080 3,080 

TOTAL 49,095 

Confirmation Sampling 
Confirmation Sampling and Analysis (assume 20 boring) -Direct Push to 50 feet 20 days 2,500 50,000 
Oversight 20 days 1,100 22,000 
Travel 1 ea. 600 600 
Hotel, Per Diem, Truck 20 days 255 5,100 
VOC Analysis (assume 2 samples per boring) 40 ea. 110 4,400 

TOTAL 82,100 

Surface Restoration 
Asphalt/Concrete Repair 30,665 sq. ft. 2.50 76,663 

TOTAL 76,663 
Capital Costs 5,152,028 
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TABLE K-12 - PRELIMINARY ESTIMATE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS 

FOR ISTD AND SEE OF THE >10,000 PPB TREATMENT ZONE
 

Alternative No. 7 

Treatment Zone estimated at 30,665 sq. ft./45,400 cu. yds. 
Estimated 15,307 pounds of VOC mass 
Provided by TerraTherm, modified by Hull 
All subcontracted and material costs are assumed to be directly contracted and/or purchased by NHBB. 

In-Situ  Thermal Destruction and Steam Enhanced Extraction of >10,000 Treatment Zone 

CAPITAL COST 

ITEM DESCRIPTION UNITS QUANTITY UNIT PRICE 
DOLLARS 

TOTAL COST 
DOLLARS 

Mobilization/Demobilization
 Transportation Equipment and Staff LS 1 $20,000 $20,000
 Procurement and Mobilization LS 1 $235,000 $235,000
 Demobilization and Summary Report 

System Installation

LS 1 $181,000 $181,000 

Drilling LS 1 $1,552,000 $1,552,000
 Waste Disposal LS 1 $105,000 $105,000
 Mechanical Construction LS 1 $223,000 $223,000
 Steam Generation and Equipment LS 1 $115,000 $115,000
 ISTD Power Equipment LS 1 $93,000 $93,000
 Electrical Construction LS 1 $273,000 $273,000
 Power Drop LS 1 $56,000 $56,000
 Effluent Treatment LS 1 $728,000 $728,000
 Air Monitoring LS 1 $4,000 $4,000
 Start Up and Shake Down LS 1 $67,000 $67,000
 Hull Oversight 

System Operation

LS 1 $90,000 $90,000 

Maintenance ODC LS 1 $149,000 $149,000
 Labor Per Diem Travel (TerraTherm) LS 1 $197,000 $197,000
 Process Monitoring and Sampling LS 1 $20,000 $20,000
 Waste Disposal LS 1 $25,000 $25,000
 Rental Fees LS 1 $40,000 $40,000
 Electricity LS 1 $648,148 $648,148
 Steam 

Monitoring Well Installation

LS 1 $282,040 $282,040 

Sonic Drilling LS 1 $33,400 $33,400
 Oversight LS 1 $12,615 $12,615
 Baseline Sampling LS 1 $3,080 $3,080 

Confirmation Sampling 

Surface Restoration

LS 1 $86,205 $86,205 

Asphalt/Concrete Repair LS 1 $76,658 $76,658 

Subtotal - Construction Cost 

NON-CONSTRUCTION COST

$5,315,146 

Contractor Fee (0% of Capital Cost) $0
 Legal Fees, Licenses and Permits (5% of Capital Cost) $265,757
 Engineering and Administration (20% of Capital Cost) $1,063,029
 Contingency (20% of Subtotal) $1,063,029 

Subtotal - Non-Construction Cost $2,391,816 

TOTAL CAPITAL COST $7,706,960 

OPERATION & MAINTENANCE COST 

ITEM DESCRIPTION UNITS QUANTITY 2008 UNIT PRICE 
($) 

2008 TOTAL COST 
($) 

Performance Monitoring (Groundwater) and Reporting quarter 3 $20,000 $60,000 

SUBTOTAL 
CONTINGENCY (10% of Subtotal) 

$60,000 
$6,000 

TOTAL $66,000 
Present Worth @ 7% discount rate for 10 years $496,005 

TOTAL CONSTRUCTION COSTS 
PRESENT WORTH O&M COST 
TOTAL PRESENT WORTH COST 

$7,706,960 
$496,005 

$8,202,965 
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Alternative 7 - ISTD/SEE in 10,000 zone 
Provided by TerraTherm; modified by Hull 
Estimated mass 15,307 lbs/treatment from 15-50 feet. 

cu. yds. 
sq. ft. 
mass 

39748 
30663 
15307 lbs 

Item Description Takeoff Qty Unit Total $/Unit Grand Total 

Mobilization/Demobilization 
Transportation Equipment and Staff 1 lsum 20,000 20,000 
Procurement and Mobilization 1 lsum 235,000 235,000 
Demobilization and Final Report 1 lsum 181,000 181,000 

TOTAL 436,000 

System Installation 

Drilling and Soil Sampling (222 HO, 45 SVE, 42 STM INJ, 20 STM EX, 30 TEMP) 1 est. 1,552,000 1,552,000 
Waste Disposal (assume hazardous cutting/trench spoils) 350 tons 300 105,000 
Mechanical Construction 1 est. 223,000 223,000 
Steam Generation Equip 1 est. 115,000 115,000 
ISTD Power Equipment 1 est. 93,000 93,000 
Electrical construction 1 est. 273,000 273,000 
Power Drop 1 est. 56,000 56,000 
Effluent Treatment 1 est. 728,000 728,000 
Air Monitoring (Indoor and Outdoor Stations) 2 months 2,000 4,000 
Start Up and ShakeDown 1 est. 67,000 67,000 
Oversight (Hull) 60 days 1,100 66,000 
Hotel/Per Diem 62 days 235 15,000 
Truck ODC 62 days 135 9,000 

TOTAL 3,306,000 
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Alternative 7 - ISTD/SEE in 10,000 zone 
Provided by TerraTherm; modified by Hull 
Estimated mass 15,307 lbs/treatment from 15-50 feet. 

cu. yds. 
sq. ft. 
mass 

39748 
30663 
15307 lbs 

Item Description Takeoff Qty Unit Total $/Unit Grand Total 

System Operation 
Maintenance ODC 1 est. 149,000 149,000 
Labor Travel Per Diem (Therra Therm) 1 est. 197,000 197,000 
Process Monitoring and Sampling 1 est. 20,000 20,000 
Waste Disposal (assume generation of napl and/or sludges) 1 est. 25,000 25,000 
Rental and Fees 1 est. 40,000 40,000 
Electricity 4,629,630 kWh 0.14 648,148 
Steam 12,820 MBTU 22 282,040 

TOTAL 1,361,188 

Monitoring Well Installation 
Two 3-well clusters between building and wetlands (sonic) - assume 160/ cluster 320 ft. 95 30,400 
Development 6 ea. 500 3,000 
Oversight (Hull) 9 days 1,100 9,900 
Travel 1 ea. 600 600 
Hotel, Per Diem, Truck 9 days 235 2,115 
Baseline sampling 1 ea. 3,080 3,080 

TOTAL 49,095 
Confirmation Sampling 
Confirmation Sampling and Analysis (assume 20 boring) -Direct Push to 50 feet 20 days 2,500 50,000 
Oversight (Hull) 25 days 1,100 27,500 
Travel 1 ea. 600 600 
Hotel, Per Diem 27 days 235 6,345 
VOC Analysis 16 ea. 110 1,760 

TOTAL 86,205 
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Alternative 7 - ISTD/SEE in 10,000 zone 
Provided by TerraTherm; modified by Hull 
Estimated mass 15,307 lbs/treatment from 15-50 feet. 

cu. yds. 
sq. ft. 
mass 

39748 
30663 
15307 lbs 

Item Description Takeoff Qty Unit Total $/Unit Grand Total 

Surface Restoration 
Asphalt/Concrete Repair 30,663 sq. ft. 2.50 76,658 

TOTAL 76,658 
Capital Costs 5,315,146 
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TABLE K-13 - PRELIMINARY ESTIMATE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS 

FOR POTASSIUM PERMANGANATE ISCO OF THE >100,000 PPB TREATMENT ZONE
 

Alternative No. 8 

Treatment Zone estimated at 30,665 sq. ft./ 45,400 cu. yds. 
Estimated 15,307 pounds of VOC mass. 
XDD, LLC., modified by Hull 
All subcontracted and material costs are assumed to be directly contracted and/or purchased by NHBB. 

Application of Mulitple ISCO Reagents in >10,000 ppb Treatment Zone. 

CAPITAL COST 

ITEM DESCRIPTION UNITS QUANTITY UNIT PRICE 
DOLLARS 

TOTAL COST 
DOLLARS 

Mobilization/Demobilization
 Transportation Equipment and Staff 

Reagent Costs 

LS 1 $60,000 $60,000 

Potassium permanganate and Catalyzed Hydrogen Peroxide LS 1 $1,523,648 $1,523,648
 Tax 

Drilling and ISCO Application Costs

LS 1 $106,655 $106,655 

Pilot Drilling LS 1 $69,420 $69,420
 Full Scale Drilling LS 1 $254,800 $254,800
 Injection Equipment and Labor LS 1 $1,255,083 $1,255,083
 Oversight LS 1 $381,250 $381,250
 Drilling ODC 

Installation of Additional Monitoring Wells

LS 1 $30,000 $30,000 

Drilling/Development LS 1 $33,400 $33,400
 Oversight LS 1 $14,100 $14,100
 Baseline Sampling 

Routine Sampling Throughout Remedy 

LS 1 $3,080 $3,080 

Labor LS 1 $55,250 $55,250
 ODC LS 1 $45,495 $45,495
 Analytical 

Vapor Mitigation System

LS 1 $35,100 $35,100 

Drilling LS 1 $62,500 $62,500
 Mechanical LS 1 $25,000 $25,000
 Electrical LS 1 $10,000 $10,000
 ODC LS 1 $10,000 $10,000
 Oversight LS 1 $44,550 $44,550 

Subtotal - Construction Cost $4,019,331 

NON-CONSTRUCTION COST
 Contractor Fee (0% of Capital Cost) $0
 Legal Fees, Licenses and Permits (5% of Capital Cost) $200,967
 Engineering and Administration (20% of Capital Cost) $803,866
 Contingency (20% of Subtotal) $803,866 

Subtotal - Non-Construction Cost $1,808,699 

TOTAL CAPITAL COST $5,828,030 

OPERATION & MAINTENANCE COST 

ITEM DESCRIPTION UNITS QUANTITY 2008 UNIT PRICE 
($) 

2008 TOTAL COST 
($) 

Annual Performance Monitoring (Groundwater) and Reporting quarter 3 $24,000 $72,000 

SUBTOTAL 
CONTINGENCY (10% of Subtotal) 

$72,000 
$7,200 

SUB TOTAL $79,200 
Present Worth @ 7% discount rate for 10 years $595,206 

Vapor System O&M month 12 $6,000 $72,000 
SUBTOTAL 
CONTINGENCY (10% of Subtotal) 

$72,000 
$7,200 

SUB TOTAL $79,200 
Present Worth @ 7% discount rate for 3 years $222,395 

TOTAL CONSTRUCTION COSTS 
PRESENT WORTH O&M COST 
TOTAL PRESENT WORTH COST 

$5,828,030 
$817,600 

$6,645,630 

HULL & ASSOCIATES, INC. SEPTEMBER 2009
 
MASON, OHIO APPENDIX K
 



Alternative 8 - Mixed ISCO of >10,000 ppb 
Pilot zone 15-35 / Full Scale Treatment zone from 15 to 50 
Pilot app=418,641 CHP full scale =2,119,418 KMn03 polish = 1,204,215 Gallons 
Assume ROI = 12' , cluster depths of 22, 29, 36, 43 and 50 ft bgs. 

cu. yds. 
sq. ft. 
mass 

45,400 
30,665 
15,307 

Item Description Takeoff Qty Unit Total 
$/Unit Grand Total 

Mobilization/Demobilization 
Transportation Equipment and Staff 3 lsum 20,000 60,000 

TOTAL 60,000 

Reagent Costs 
CHP Pilot 174,630 lbs 1.00 174,630 
CHP Full Scale 730,850 lbs 1.05 767,393 
KMn04 Polish 238,371 lbs 2.44 581,625 
Tax (7%) 1 est. 106,655 106,655 

TOTAL 1,630,303 

Drilling and ISCO Application Costs 
Pilot Test Drilling (Zone 15-35, 26 clusters) 1,335 ft 52 69,420 

Full Scale Drilling (Zone 15-50, 75 clusters) 4,900 ft 52 254,800 

Drilling ODC (per mob.) 2 est. 15,000 30,000 
Pilot Application (29 injection days) 1 ea. 236,813 236,813 

Full Scale CHP application (74 injection days) 1 ea. 633,015 633,015 
KMn04 polish (20 injection days) 1 ea. 385,255 385,255 
Hull Oversight - CHP 125 days 1,100 137,500 
Hull Travel 10 ea. 500 5,000 
Hotel/Per Diem 125 days 235 29,375 
ODC/Vehicle 125 days 150 18,750 
Hull Oversight - KMnO4 125 day 1,100 137,500 
Travel 10 ea 500 5,000 
Hotel/Perdiem 125 day 235 29,375 
ODC/Vehicle 125 day 150 18,750 

TOTAL 1,990,553 
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Alternative 8 - Mixed ISCO of >10,000 ppb 
Pilot zone 15-35 / Full Scale Treatment zone from 15 to 50 
Pilot app=418,641 CHP full scale =2,119,418 KMn03 polish = 1,204,215 Gallons 
Assume ROI = 12' , cluster depths of 22, 29, 36, 43 and 50 ft bgs. 

cu. yds. 
sq. ft. 
mass 

45,400 
30,665 
15,307 

Item Description Takeoff Qty Unit Total 
$/Unit Grand Total 

Installation of Additional Monitoring Wells 
Two 3-well clusters between building and wetlands (sonic) - 160 ft/cluster 320 ft. 95 30,400 
Development 500 well 6 3,000 
Oversight 9 days 1,100 9,900 
Travel 1 ea. 600 600 
Hotel, Per Diem, Truck 9 days 235 2,115 
ODC/Vehicle 11 days 135 1,485 
Sampling labor 2 days 1,100 2,200 
Analysis - voc 8 ea. 110 880 

TOTAL 50,580 
Vapor Mitigation System 
Directional Drilling (4 x 125 foot laterals) 500 ft. 125 62,500 
Mechanical Components 1 ea. 25,000 25,000 
Electrical 1 ea. 10,000 10,000 
Oversight 30 days 1,100 33,000 
Hotel/Per Diem 30 days 235 7,050 
ODC/Vehicle 30 days 150 4,500 
System ODC 1 est. 10,000 10,000 

TOTAL 152,050 
Routine Sampling Throughout Remedy 
47 baseline samples/35 per event during remedy/8 events 
Labor (man-hours) 650 hrs. 85 55,250 
Analytical 325 samples 108 35,100 
Hotel/Per Diem (2 people) 36 days 470 16,920 
ODC/Vehicle 45 days 235 10,575 
Equipment 9 est. 2,000 18,000 

TOTAL 135,845 

Capital Costs 4,019,331 
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TABLE K-14 - PRELIMINARY ESTIMATE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS 

FOR ELECTRIC RESISTANCE HEATING OF THE >1,000 PPB TREATMENT ZONE
 

Alternative No. 9 

Treatment Zone estimated at 52,700 sq. ft. / 78,100 cu. yds. 
Estimated 16,245 pounds of VOC mass 
Provided by Thermal Remediation Services, modified by Hull 
All subcontracted and material costs are assumed to be directly contracted and/or purchased by NHBB. 

Electric Resistance Heating of >1,000 Treatment Zone 

CAPITAL COST 

ITEM DESCRIPTION UNITS QUANTITY UNIT PRICE 
DOLLARS 

TOTAL COST 
DOLLARS 

Mobilization/Demobilization
 Transportation Equipment and Staff LS 1 $20,000 $20,000
 Temporary Facilities LS 1 $15,000 $15,000
 Electrode Materials LS 1 $1,270,000 $1,270,000
 Demobilization and Summary Report 

System Installation

LS 1 $175,000 $175,000 

Drilling LS 1 $629,000 $629,000
 Subsurface Installation of Laterals/Trenching LS 1 $408,000 $408,000
 Subsurface Install LS 1 $284,000 $284,000
 Waste Disposal LS 1 $100,000 $100,000
 Electrical Connection to PCU LS 1 $45,000 $45,000
 Air Monitoring 

System Operation

LS 1 $5,000 $5,000 

Surface Installation and Start-Up LS 1 $565,000 $565,000
 System Operation LS 1 $2,047,000 $2,047,000
 Electricity LS 1 $3,626,000 $3,626,000
 Carbon Usage/Regeneration LS 1 $128,000 $128,000
 Condensate Disposal LS 1 $3,000 $3,000
 Other Operational Costs 

Monitoring Well Installation

LS 1 $74,000 $74,000 

Drilling LS 1 $33,400 $33,400
 Oversight 

Confirmation Sampling

LS 1 $12,615 $12,615 

Drilling and Analysis LS 1 $68,000 $68,000
 Oversight 

Surface Restoration

LS 1 $34,445 $34,445 

Asphalt/Concrete Repair LS 1 $131,750 $131,750 

Subtotal - Construction Cost 

NON-CONSTRUCTION COST

$9,674,210 

Contractor Fee (0% of Capital Cost) $0
 Legal Fees, Licenses and Permits (2.5% of Capital Cost) $241,855
 Engineering and Administration (10% of Capital Cost) $967,421
 Contingency (10% of Subtotal) $967,421 

Subtotal - Non-Construction Cost $2,176,697 

TOTAL CAPITAL COST $11,850,910 

OPERATION & MAINTENANCE COST 

ITEM DESCRIPTION UNITS QUANTITY 2008 UNIT 
PRICE ($) 

2008 TOTAL COST 
($) 

Performance Monitoring (Groundwater) and Reporting quarter 3 $20,000 $60,000 

SUBTOTAL 
CONTINGENCY (10% of Subtotal) 

$60,000 
$6,000 

TOTAL $66,000 
Present Worth @ 7% discount rate for 10 years $496,005 

TOTAL CONSTRUCTION COSTS 
PRESENT WORTH O&M COST 
TOTAL PRESENT WORTH COST 

$11,850,910 
$496,005 

$12,346,915 
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 Alternative 9 - ERH in 1,000 zone 

Estimated mass 16,245/ treatment from 10-50 feet. 

cu. yds. 
sq. ft. 
mass 

78,100 
52,700 
16,245 

Item Description Takeoff Qty Unit Total $/Unit Grand Total 

Mobilization/Demobilization 
Temporary Facilities 1 lsum 15,000 15,000 
Transportation Equipment and Staff 1 lsum 20,000 20,000 
Electrode Material 1 lsum 1,270,000 1,270,000 
Demobilization and Final Report (includes well abandonment) 1 lsum 175,000 175,000 

TOTAL 1,480,000 

System Installation 
Drilling and Soil Sampling (38 electrodes/38 SVE) 9,672 ft. 65 629,000 
Subsurface lateral trenching 3,961 ft. 103 408,000 
Subsurface Installation (TRS oversight, Concrete Coring, traffic rated vaults) 1 lsum 284,000 284,000 
Waste Disposal 331 tons 300 100,000 
Electrical Connection to PCU 1 lsum 45,000 45,000 
Selective tree and shrub removal, selective clearing brush mowing, heavy density, tractor with 
rotary mower, excludes removal offsite 

0 acre 1,509 0 

Air Monitoring (Indoor and Outdoor Stations) 2.5 months 2,000 5,000 
TOTAL 1,471,000 

System Operation 
Surface Installation and Start-up 1 est. 565,000 565,000 
System Operation (Labor/Operation) 1 est. 2,047,000 2,047,000 

137 vapor samples, 52 discharge samples, labor 
Electricity Usage 25,900,000 kWh 0.14 3,626,000 
Carbon Usage, Transportation and Regeneration 71,000 lbs 1.80 128,000 
Water/Condensate Disposal 1 est. 3,000 3,000 
Other Operational Costs 1 est. 74,000 74,000 

TOTAL 6,443,000 
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 Alternative 9 - ERH in 1,000 zone 

Estimated mass 16,245/ treatment from 10-50 feet. 

cu. yds. 
sq. ft. 
mass 

78,100 
52,700 
16,245 

Item Description Takeoff Qty Unit Total $/Unit Grand Total 

Monitoring Well Installation 
Two - 3 well clusters between building and wetlands (sonic) - assume 160/cluster 320 ft. 95 30,400 
Development 6 ea. 500 3,000 
Oversight 9 days 1,100 9,900 
Travel 1 ea. 600 600 
Hotel, Per Diem, Truck 9 days 235 2,115 

TOTAL 46,015 

Confirmation Sampling 
Confirmation Sampling and Analysis (assume 25 boring) -Direct Push to 50 feet 25 days 2,500 62,500 
Oversight 25 days 1,100 27,500 
Travel 1 ea. 600 600 
Hotel, Per Diem, Truck 27 days 235 6,345 
VOC Analysis (assume 2 samples per boring) 50 ea. 110 5,500 

TOTAL 102,445 

Surface Restoration 
Asphalt/Concrete Repair 52,700 sq. ft. 2.50 131,750 

TOTAL 131,750 
Capital Costs 9,674,210 
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TABLE K-15 - PRELIMINARY ESTIMATE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS 

FOR ISTD AND SEE OF THE >1,000 PPB TREATMENT ZONE
 

Alternative No. 10 

Treatment Zone estimated at 52,700 sq. ft./78,100 cu. yds. 
Estimated 15,307 pounds of VOC mass 
Provided by TerraTherm 
All subcontracted and material costs are assumed to be directly contracted and/or purchased by NHBB. 

In-Situ  Thermal Destruction and Steam Enhanced Extraction of >10,000 Treatment Zone 

CAPITAL COST 

ITEM DESCRIPTION UNITS QUANTITY UNIT PRICE 
DOLLARS 

TOTAL COST 
DOLLARS 

Mobilization/Demobilization
 Transportation Equipment and Staff LS 1 $30,000 $30,000
 Procurement and Mobilization LS 1 $371,000 $371,000
 Demobilization and Summary Report 

System Installation

LS 1 $275,000 $275,000 

Drilling LS 1 $2,608,000 $2,608,000
 Waste Disposal LS 1 $105,000 $105,000
 Mechanical Construction LS 1 $402,000 $402,000
 Steam Generation and Equipment LS 1 $137,000 $137,000
 ISTD Power Equipment LS 1 $137,000 $137,000
 Electrical Construction LS 1 $452,000 $452,000
 Power Drop LS 1 $56,000 $56,000
 Effluent Treatment LS 1 $1,004,000 $1,004,000
 Air Monitoring LS 1 $6,000 $6,000
 Start Up and Shake Down LS 1 $67,000 $67,000
 Hull Oversight 

System Operation

LS 1 $148,000 $148,000 

Maintenance ODC LS 1 $237,000 $237,000
 Labor Per Diem Travel (TerraTherm) LS 1 $203,000 $203,000
 Process Monitoring and Sampling LS 1 $20,000 $20,000
 Waste Disposal LS 1 $25,000 $25,000
 Rental Fees LS 1 $40,000 $40,000
 Electricity LS 1 $1,224,741 $1,224,741
 Steam 

Monitoring Well Installation

LS 1 $517,990 $517,990 

Drilling LS 1 $33,400 $33,400
 Oversight 

Confirmation Sampling

LS 1 $13,830 $13,830 

Drilling and Analysis LS 1 $51,760 $51,760
 Oversight 

Surface Restoration

LS 1 $34,445 $34,445 

Asphalt/Concrete Repair LS 1 $131,638 $131,638 

Subtotal - Construction Cost 

NON-CONSTRUCTION COST

$8,330,803 

Contractor Fee (0% of Capital Cost) $0
 Legal Fees, Licenses and Permits (5% of Capital Cost) $416,540
 Engineering and Administration (10% of Capital Cost) $833,080
 Contingency (10% of Subtotal) $833,080 

Subtotal - Non-Construction Cost $2,082,701 

TOTAL CAPITAL COST $10,413,500 

OPERATION & MAINTENANCE COST 

ITEM DESCRIPTION UNITS QUANTITY 2008 UNIT PRICE 
($) 

2008 TOTAL COST 
($) 

Performance Monitoring (Groundwater) and Reporting quarter 3 $20,000 $60,000 

SUBTOTAL 
CONTINGENCY (10% of Subtotal) 

$60,000 
$6,000 

TOTAL $66,000 
Present Worth @ 7% discount rate for 10 years $496,005 

TOTAL CONSTRUCTION COSTS 
PRESENT WORTH O&M COST 
TOTAL PRESENT WORTH COST 

$10,413,500 
$496,005 

$10,909,505 
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Alternative 10 - ISTD/SEE in 1,000 zone 
Provided by TerraTherm 
estimated mass 15,307 lbs/treatment from 15-50 feet. 

cu. yds. 
sq. ft. 
mass 

68,258 
52,655 
16,245 lbs 

Item Description Takeoff Qty Unit Total 
$/Unit Grand Total 

Mobilization/Demobilization 
Transportation Equipment and Staff 1 lsum 30,000 30,000 
Procurement and Mobilization 1 lsum 371,000 371,000 
Demobilization and Final Report 1 lsum 275,000 275,000 

TOTAL 676,000 

System Installation 

Drilling and Soil Sampling (383 HO, 84 SVE, 124 STM INJ, 32 STM EX, 45 TEMP) 1 est. 2,608,000 2,608,000 
Waste Disposal (assume hazardous cutting/trench spoils) 350 tons 300 105,000 
Mechanical Construction 1 est. 402,000 402,000 
Steam Generation Equip 1 est. 137,000 137,000 
ISTD Power Equipment 1 est. 137,000 137,000 
Electrical construction 1 est. 452,000 452,000 
Power Drop 1 est. 56,000 56,000 
Effluent Treatment 1 est. 1,004,000 1,004,000 
Air Monitoring (Indoor and Outdoor Stations) 3 months 2,000 6,000 
Startup and Shakedown 1 est. 67,000 67,000 
Oversight (Hull) 100 days 1,100 110,000 
Hotel/Per Diem 102 days 235 24,000 
Truck ODC 102 days 135 14,000 

TOTAL 5,122,000 

System Operation 
Maintenance ODC 1 est. 237,000 237,000 
Labor Travel Per Diem (TerraTherm) 1 est. 203,000 203,000 
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Alternative 10 - ISTD/SEE in 1,000 zone 
Provided by TerraTherm 
estimated mass 15,307 lbs/treatment from 15-50 feet. 

cu. yds. 
sq. ft. 
mass 

68,258 
52,655 
16,245 lbs 

Item Description Takeoff Qty Unit Total 
$/Unit Grand Total 

Process Monitoring and Sampling 1 est. 20,000 20,000 
Waste Disposal (assume generation of NAPL and/or sludges) 1 est. 25,000 25,000 
Rental and Fees 1 est. 40,000 40,000 
Electricity 8748148.148 kWh 0.14 1,224,741 
Steam 23,545 MBTU 22 517,990 

TOTAL 2,267,731 

Monitoring Well Installation 
Two 3-well clusters between building and wetlands (sonic) 320 ft. 95 30,400 
Development 6 ea. 500 3,000 
Oversight (Hull) 9 days 1,100 9,900 
Travel 1 ea. 600 600 
Hotel, Per Diem, Truck and ODC 9 days 370 3,330 

0 

TOTAL 47,230 
Confirmation Sampling 
Confirmation Sampling and Analysis (assume 20 boring) -Direct Push to 50 feet 20 days 2,500 50,000 
Oversight (Hull) 25 days 1,100 27,500 
Travel 1 ea. 600 600 
Hotel, Per Diem 27 days 235 6,345 
VOC Analysis 16 ea. 110 1,760 

TOTAL 86,205 
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Alternative 10 - ISTD/SEE in 1,000 zone 
Provided by TerraTherm 
estimated mass 15,307 lbs/treatment from 15-50 feet. 

cu. yds. 
sq. ft. 
mass 

68,258 
52,655 
16,245 lbs 

Item Description Takeoff Qty Unit Total 
$/Unit Grand Total 

Surface Restoration 
Asphalt/Concrete Repair 52,655 sq. ft. 2.50 131,638 

TOTAL 131,638 
Capital Costs 8,330,803 
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TABLE K-16 - PRELIMINARY ESTIMATE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS 

FOR ACTIVATED PERSULFATE ISCO OF THE 10,000 PPB TREATMENT ZONE
 

Alternative No. 11 

Treatment Zone estimated at 52,700 sq. ft./78,100 cu. yds. 
Estimated 16,245 pounds of VOC mass. 
XDD, LLC., modified by Hull 
All subcontracted and material costs are assumed to be directly contracted and/or purchased by NHBB. 

Application of Potassium Permanganate ISCO in >1,000 ppb Treatment Zone. 

CAPITAL COST 

ITEM DESCRIPTION UNITS QUANTITY UNIT PRICE 
DOLLARS 

TOTAL COST 
DOLLARS 

Mobilization/Demobilization
 Transportation Equipment and Staff 

Reagent Costs 

LS 1 $60,000 $60,000 

Potassium Permanganate LS 1 $1,308,704 $1,308,704
 Tax 

Application Costs 

LS 1 $91,609 $91,609 

Well Points LS 1 $206,080 $206,080
 Injection Equipment and Labor LS 1 $2,999,450 $2,999,450
 Oversight LS 1 $857,600 $857,600
 Drilling ODC 

Installation of Additional Monitoring Wells

LS 1 $20,000 $20,000 

Drilling/Development LS 1 $30,400 $30,400
 Oversight 

Baseline Sampling

LS 1 $11,945 $11,945 

Labor LS 1 $6,120 $6,120
 ODC LS 1 $5,055 $5,055
 Analytical 

Vapor Mitigation System

LS 1 $5,076 $5,076 

Drilling LS 1 $63,000 $63,000
 Mechanical LS 1 $25,000 $25,000
 Electrical LS 1 $10,000 $10,000
 ODC LS 1 $10,000 $10,000
 Oversight LS 1 $46,000 $46,000 

Subtotal - Construction Cost $5,756,039 

NON-CONSTRUCTION COST
 Contractor Fee (0% of Capital Cost) $0
 Legal Fees, Licenses and Permits (5% of Capital Cost) $287,802
 Engineering and Administration (20% of Capital Cost) $1,151,208
 Contingency (20% of Subtotal) $1,151,208 

Subtotal - Non-Construction Cost $2,590,218 

TOTAL CAPITAL COST $8,346,260 

OPERATION & MAINTENANCE COST 

ITEM DESCRIPTION UNITS QUANTITY 2008 UNIT PRICE 
($) 

2008 TOTAL COST 
($) 

Performance Monitoring (Groundwater) and Reporting quarter 3 $24,000 $72,000 

SUBTOTAL 
CONTINGENCY (10% of Subtotal) 

$72,000 
$7,200 

SUB TOTAL $79,200 
Present Worth @ 7% discount rate for 10 years $595,206 

Vapor System O&M month 12 $6,000 $72,000 
SUBTOTAL 
CONTINGENCY (10% of Subtotal) 

$72,000 
$7,200 

SUB TOTAL $79,200 
Present Worth @ 7% discount rate for 3 years $222,395 

TOTAL CONSTRUCTION COSTS 
PRESENT WORTH O&M COST 
TOTAL PRESENT WORTH COST 

$8,346,260 
$817,600 

$9,163,860 
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Alternative 11 - Potassium Permanganate ISCO of >1,000 ppb 
Treatment zone from 15 to 50 
2 Applications/2,893,3767 gallons per application 
Assume ROI =20' 

cu. yds. 
sq. ft. 
mass 

78,100 
52,700 
16,245 

Item Description Takeoff 
Qty Unit Total 

$/Unit Grand Total 
Mobilization/Demobilization 
Transportation Equipment and Staff 3 lsum 20,000 60,000 

TOTAL 60,000 
Reagent Costs 
Potassium Permanganate 773,923 lbs 1.69 1,308,704 
Tax (7%) 1 est. 91,609 91,609 

TOTAL 1,400,313 
Application Costs 
Permanganate Applications - Assumes 46 perm well clusters/140 ft per cluster 6,440 ft. 32 206,080 
Injection Time and Equip (251/251 days) 502 days 5,975 2,999,450 
Hull Travel 500 ea. 52 26,000 
Oversight 560 days 1,100 616,000 
Hotel/Per Diem 560 days 235 131,600 
ODC/Vehicle 560 days 150 84,000 
Drilling ODC (per mob.) 2 est. 10,000 20,000 

TOTAL 4,083,130 
Installation of Additional Monitoring Wells 
Two 3-well clusters between building and wetlands (sonic) assume 160/cluster 320 ft. 95 30,400 
Oversight 9 days 1,100 7,700 
Travel 1 ea. 600 600 
Hotel, Per Diem 9 days 235 1,645 
ODC/Vehicle 9 days 135 2,000 

TOTAL 42,345 
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Alternative 11 - Potassium Permanganate ISCO of >1,000 ppb 
Treatment zone from 15 to 50 
2 Applications/2,893,3767 gallons per application 
Assume ROI =20' 

cu. yds. 
sq. ft. 
mass 

78,100 
52,700 
16,245 

Item Description Takeoff 
Qty Unit Total 

$/Unit Grand Total 
Vapor Mitigation System 
Directional Drilling (4 x 125 foot laterals) 500 ft. 125 63,000 
Mechanical Components 1 each 25,000 25,000 
Electrical 1 each 10,000 10,000 
Oversight 30 days 1,100 33,000 
Hotel/Per Diem 30 days 235 8,000 
ODC/Vehicle 30 days 150 5,000 
System ODC 1 est. 10,000 10,000 

TOTAL 154,000 
Baseline Sampling 
Labor (man-hours) 72 hrs. 85 6,120 
Analytical 47 samples 108 5,076 
Hotel/Per Diem (2 people) 4 days 470 1,880 
ODC/Vehicle 5 days 235 1,175 
Equipment 1 est. 2,000 2,000 

TOTAL 16,251 

Capital Costs 5,756,039 
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TABLE K-17 - PRELIMINARY ESTIMATE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS 

FOR ELECTRICAL RESISTANCE HEATING OF THE >100 PPB TREATMENT ZONE
 

Alternative No. 12 

Treatment Zone estimated at 112,000 sq. ft. / 165,000 cu. yds. 
Estimated 16,376 pounds of VOC mass 
Provided by Thermal Remediation Services, modified by Hull 
All subcontracted and material costs are assumed to be directly contracted and/or purchased by NHBB. 

Electric Resistance Heating of >100 Treatment Zone 

CAPITAL COST 

ITEM DESCRIPTION UNITS QUANTITY UNIT PRICE 
DOLLARS 

TOTAL COST 
DOLLARS 

Mobilization/Demobilization
 Transportation Equipment and Staff LS 1 $20,000 $20,000
 Temporary Facilities LS 1 $15,000 $15,000
 Electrode Materials LS 1 $2,301,000 $2,301,000
 Demobilization and Summary Report 

System Installation

LS 1 $240,000 $240,000 

Drilling LS 1 $1,420,000 $1,420,000
 Subsurface Installation of Laterals/Trenching LS 1 $897,000 $897,000
 Subsurface Install LS 1 $647,000 $647,000
 Waste Disposal LS 1 $232,000 $232,000
 Electrical Connection to PCU LS 1 $45,000 $45,000
 Air Monitoring 

System Operation

LS 1 $8,000 $8,000 

Surface Installation and Start-Up LS 1 $806,000 $806,000
 System Operation LS 1 $4,173,000 $4,173,000
 Electricity LS 1 $8,085,000 $8,085,000
 Carbon Usage/Regeneration LS 1 $137,000 $137,000
 Condensate Disposal LS 1 $7,000 $7,000
 Other Operational Costs 

Monitoring Well Installation

LS 1 $167,000 $167,000 

Drilling LS 1 $33,400 $33,400
 Oversight 

Confirmation Sampling

LS 1 $13,830 $13,830 

Drilling and Analysis LS 1 $90,245 $90,245
 Oversight 

Suface Restoration

LS 1 $50,950 $50,950 

Asphalt/Concrete Repair LS 1 $280,000 $280,000 

Subtotal - Construction Cost 

NON-CONSTRUCTION COST

$19,668,425 

Contractor Fee (0% of Capital Cost) $0
 Legal Fees, Licenses and Permits (2.5% of Capital Cost) $491,711
 Engineering and Administration (5% of Capital Cost) $983,421
 Contingency (10% of Subtotal) $1,966,843 

Subtotal - Non-Construction Cost $3,441,974 

TOTAL CAPITAL COST $23,110,400 

OPERATION & MAINTENANCE COST 

ITEM DESCRIPTION UNITS QUANTITY 2008 UNIT 
PRICE ($) 

2008 TOTAL COST 
($) 

Performance Monitoring (Groundwater) and Reporting quarter 3 $20,000 $60,000 

SUBTOTAL 
CONTINGENCY (10% of Subtotal) 

$60,000 
$6,000 

TOTAL $66,000 
Present Worth @ 7% discount rate for 10 years $496,005 

TOTAL CONSTRUCTION COSTS 
PRESENT WORTH O&M COST 
TOTAL PRESENT WORTH COST 

$23,110,400 
$496,005 

$23,606,405 
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 Alternative 12 - ERH in 100 zone 

estimated mass 16,376/treatment from 10-50 feet. 

cu. yds. 
sq. ft. 
mass 

165,900 
112,000 
16,376 

Item Description Takeoff Qty Unit Total $/Unit Grand Total 

Mobilization/Demobilization 
Temporary Facilities 1 lsum 15,000 15,000 
Transportation Equipment and Staff 1 lsum 20,000 20,000 
Electrode Material 1 lsum 2,301,000 2,301,000 
Demobilization and Final Report (includes well abandonment) 1 lsum 240,000 240,000 

TOTAL 2,576,000 

System Installation 

Drilling and Soil Sampling (378 electrodes/378 SVE) 21,840 ft. 65 1,420,000 
Subsurface lateral trenching 8,700 ft. 103 897,000 
Subsurface Installation (TRS oversight, Concrete Coring, traffic rated vaults) 1 lsum 647,000 647,000 
Waste Disposal 772 tons 300 232,000 
Electrical Connection to PCU 1 lsum 45,000 45,000 
Air Monitoring (Indoor and Outdoor Stations) 4 month 2,000 8,000 

TOTAL 3,249,000 

System Operation 
Surface Installation and Start-up 1 est. 806,000 806,000 
System Operation (Labor/Operation) 1 est. 4,173,000 4,173,000 

278 vapor samples, 93 discharge samples, labor 
Electricity Usage 57,750,000 kWh 0.14 8,085,000 
Carbon Usage, Transporation and Regeneration 76,000 lbs 1.80 137,000 
Water/Condensate Disposal 1 est. 7,000 7,000 
Other Operational Costs 1 est. 167,000 167,000 

TOTAL 13,375,000 
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 Alternative 12 - ERH in 100 zone 

estimated mass 16,376/treatment from 10-50 feet. 

cu. yds. 
sq. ft. 
mass 

165,900 
112,000 
16,376 

Item Description Takeoff Qty Unit Total $/Unit Grand Total 

Monitoring Well Installation 
Two - 3 well clusters between building and wetlands (sonic) - assume 160/cluster 320 ft. 95 30,400 
Development 6 ea. 500 3,000 
Oversight 9 days 1,100 9,900 
Travel 1 ea. 600 600 
Hotel, Per Diem, Truck and ODC 9 days 370 3,330 

TOTAL 47,230 

Confirmation Sampling 
Confirmation Sampling and Analysis (assume 35 boring) -Direct Push to 50 feet 33 days 2,500 82,545 
Oversight 34 days 1,100 37,400 
Travel 1 ea. 600 600 
Hotel, Per Diem, Truck, ODC 35 days 370 12,950 
VOC Analysis (assume 2 samples per boring) 70 ea. 110 7,700 

TOTAL 141,195 

Suface Restoration 
Asphalt/Concrete Repair 112,000 sq. ft. 2.50 280,000 

TOTAL 280,000 

Capital Costs 19,668,425 
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TABLE K-18 - PRELIMINARY ESTIMATE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS 

FOR ISTD AND SEE OF THE >100 PPB TREATMENT ZONE
 

Alternative No. 13 

Treatment Zone estimated at 112,000 sq. ft./165,000 cu. yds. 
Estimated 16,376 pounds of VOC mass 
Provided by TerraTherm 
All subcontracted and material costs are assumed to be directly contracted and/or purchased by NHBB. 

In-Situ Thermal Destruction and Steam Enhanced Extraction of >100 Treatment Zone 

CAPITAL COST 

ITEM DESCRIPTION UNITS QUANTITY UNIT PRICE 
DOLLARS 

TOTAL COST 
DOLLARS 

Mobilization/Demobilization
 Transportation Equipment and Staff LS 1 $30,000 $30,000
 Procurement and Mobilization LS 1 $671,000 $671,000
 Demobilization and Summary Report 

System Installation

LS 1 $485,000 $485,000 

Drilling LS 1 $5,037,000 $5,037,000
 Waste Disposal LS 1 $120,000 $120,000
 Mechanical Construction LS 1 $768,000 $768,000
 Steam Generation and Equipment LS 1 $191,000 $191,000
 ISTD Power Equipment LS 1 $224,000 $224,000
 Electrical Construction LS 1 $812,000 $812,000
 Power Drop LS 1 $171,000 $171,000
 Effluent Treatment LS 1 $1,887,000 $1,887,000
 Air Monitoring LS 1 $8,000 $8,000
 Start Up and Shake Down LS 1 $67,000 $67,000
 Hull Oversight 

System Operation

LS 1 $186,000 $186,000 

Maintenance ODC LS 1 $447,000 $447,000
 Labor Per Diem Travel (TerraTherm) LS 1 $204,000 $204,000
 Process Monitoring and Sampling LS 1 $20,000 $20,000
 Waste Disposal LS 1 $25,000 $25,000
 Rental Fees LS 1 $40,000 $40,000
 Electricity LS 1 $2,487,852 $2,487,852
 Steam 

Monitoring Well Installation

LS 1 $1,131,000 $1,131,000 

Sonic Drilling LS 1 $33,400 $33,400
 Oversight LS 1 $13,830 $13,830 

Confirmation Sampling 

Suface Restoration

LS 1 $124,960 $124,960 

Asphalt/Concrete Repair LS 1 $450,000 $450,000 

Subtotal - Construction Cost 

NON-CONSTRUCTION COST

$15,634,042 

Contractor Fee (0% of Capital Cost) $0
 Legal Fees, Licenses and Permits (2.5% of Capital Cost) $390,851
 Engineering and Administration (5% of Capital Cost) $781,702
 Contingency (10% of Subtotal) $1,563,404 

Subtotal - Non-Construction Cost $2,735,957 

TOTAL CAPITAL COST $18,370,000 

OPERATION & MAINTENANCE COST 

ITEM DESCRIPTION UNITS QUANTITY 2008 UNIT PRICE 
($) 

2008 TOTAL COST 
($) 

Performance Monitoring (Groundwater) and Reporting quarter 3 $20,000 $60,000 

SUBTOTAL 
CONTINGENCY (10% of Subtotal) 

$60,000 
$6,000 

TOTAL $66,000 
Present Worth @ 7% discount rate for 10 years $496,005 

TOTAL CONSTRUCTION COSTS 
PRESENT WORTH O&M COST 
TOTAL PRESENT WORTH COST 

$18,370,000 
$496,005 

$18,866,005 
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Alternative 13 - ISTD/SEE in 100 zone 
Provided byTerra Therm 
Estimated mass 16,376 lbs/ treatment from 15-50 feet. 

cu yds 
sq ft 
mass 

140,000 
180,000 
16,376 lbs 

Item Description Takeoff Qty Unit Total $/Unit Grand Total 

Mobilization/Demobilization 
Temporary Facilities 1 lsum 50,000 50,000 
Transportation Equipment and Staff 1 lsum 30,000 30,000 
Procurement and Mobilization 1 lsum 671,000 671,000 
Demobilization and Final Report 1 lsum 485,000 485,000 

TOTAL 1,236,000 

System Installation 

Drilling and Soil Sampling (708 HO, 161 SVE, 132 STM INJ, 64 STM EX, 100 TEMP) 1 est. 5,037,000 5,037,000 
Waste Disposal (assume hazardous cutting/trench spoils) 400 tons 300 120,000 
Mechanical Construction 1 est. 768,000 768,000 
Steam Generation Equip 1 est. 191,000 191,000 
ISTD Power Equipment 1 est. 224,000 224,000 
Electrical construction 1 est. 812,000 812,000 
Power Drop 1 est. 171,000 171,000 
Effluent Treatment 1 est. 1,887,000 1,887,000 
Air Monitoring (Indoor and Outdoor Stations) 4 month 2,000 8,000 
Start Up and ShakeDown 1 est. 67,000 67,000 
Oversight (Hull) 125 days 1,100 138,000 
Hotel/Per Diem 127 days 235 30,000 
Truck ODC 127 days 135 18,000 

TOTAL 9,471,000 
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Alternative 13 - ISTD/SEE in 100 zone 
Provided byTerra Therm 
Estimated mass 16,376 lbs/ treatment from 15-50 feet. 

cu yds 
sq ft 
mass 

140,000 
180,000 
16,376 lbs 

Item Description Takeoff Qty Unit Total $/Unit Grand Total 

System Operation 
Maintenance ODC 1 est. 447,000 447,000 
Labor Travel Per Diem (TerraTherm) 1 est. 204,000 204,000 
Process Monitoring and Sampling 1 est. 20,000 20,000 
Waste Disposal (assume generation of napl and/or sludges) 1 est. 25,000 25,000 
Rental and Fees 1 est. 40,000 40,000 
Electricity 17,770,370 kWh 0.14 2,487,852 
Steam 51,409 MBTU 22 1,131,000 

TOTAL 4,354,852 
Monitoring Well Installation 
Two 3-well clusters between building and wetlands (sonic) 320 ft. 95 30,400 
Development 6 ea. 500 3,000 
Oversight (Hull) 9 days 1,100 9,900 
Travel 1 ea. 600 600 
Hotel, Per Diem, Truck 9 days 370 3,330 

TOTAL 47,230 
Confirmation Sampling 
Confirmation Sampling and Analysis (assume 30 boring) -Direct Push to 50 feet 29 days 2,500 72,500 
Oversight (Hull) 31 days 1,100 34,100 
Travel 1 ea. 600 600 
Hotel, Per Diem, Truck, ODC 31 days 360 11,160 
VOC Analysis 60 ea. 110 6,600 

TOTAL 124,960 
Suface Restoration 
Asphalt/Concrete Repair 180,000 sq. ft. 2.50 450,000 

TOTAL 450,000 
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Alternative 13 - ISTD/SEE in 100 zone 
Provided byTerra Therm 
Estimated mass 16,376 lbs/ treatment from 15-50 feet. 

cu yds 
sq ft 
mass 

140,000 
180,000 
16,376 lbs 

Item Description Takeoff Qty Unit Total $/Unit Grand Total 

Capital Costs 15,684,042 
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TABLE K-19 - PRELIMINARY ESTIMATE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS 

FOR POTASSIUM PERMANGANATE ISCO OF THE >100 PPB TREATMENT ZONE
 

Alternative No. 14 

Treatment Zone estimated at 112,000 sq. ft./165,900 cu. yds. for main plume. 
Estimated 16,376 pounds of VOC mass. 
XDD, LLC., modified by Hull 
All subcontracted and material costs are assumed to be directly contracted and/or purchased by NHBB. 

Application of Potassium permanganate ISCO in >100 ppb Treatment Zone. 

CAPITAL COST 

ITEM DESCRIPTION UNITS QUANTITY UNIT PRICE 
DOLLARS 

TOTAL COST 
DOLLARS 

Mobilization/Demobilization
 Transportation Equipment and Staff 

Reagent Costs 

LS 1 $60,000 $60,000 

Potassium permanganate LS 1 $2,308,211 $2,308,211
 Tax 

Application Costs 

LS 1 $161,575 $161,575 

Well Points LS 1 $439,040 $439,040
 Injection Equipment and Labor LS 1 $6,403,220 $6,403,220
 Oversight LS 1 $459,895 $459,895
 Drilling ODC 

Installation of Additional Monitoring Wells

LS 1 $20,000 $20,000 

Drilling/Development LS 1 $33,400 $33,400
 Oversight 

Baseline Sampling

LS 1 $13,830 $13,830 

Labor LS 1 $6,120 $6,120
 ODC LS 1 $5,055 $5,055
 Analytical 

Vapor Mitigation System

LS 1 $5,076 $5,076 

Drilling LS 1 $63,000 $63,000
 Mechanical LS 1 $25,000 $25,000
 Electrical LS 1 $10,000 $10,000
 ODC LS 1 $10,000 $10,000
 Oversight LS 1 $46,000 $46,000 

Subtotal - Construction Cost $10,069,422 

NON-CONSTRUCTION COST
 Contractor Fee (0% of Capital Cost) $0
 Legal Fees, Licenses and Permits (5% of Capital Cost) $503,471
 Engineering and Administration (10% of Capital Cost) $1,006,942
 Contingency (20% of Subtotal) $2,013,884 

Subtotal - Non-Construction Cost $3,524,298 

TOTAL CAPITAL COST $13,593,720 

OPERATION & MAINTENANCE COST 

ITEM DESCRIPTION UNITS QUANTITY 2008 UNIT PRICE 
($) 

2008 TOTAL COST 
($) 

Performance Monitoring (Groundwater) and Reporting quarter 3 $24,000 $72,000 

SUBTOTAL 
CONTINGENCY (10% of Subtotal) 

$72,000 
$7,200 

SUB TOTAL $79,200 
Present Worth @ 7% discount rate for 10 years $595,206 

Vapor System O&M month 12 $6,000 $72,000 
SUBTOTAL 
CONTINGENCY (10% of Subtotal) 

$72,000 
$7,200 

SUB TOTAL $79,200 
Present Worth @ 7% discount rate for 3 years $222,395 

TOTAL CONSTRUCTION COSTS 
PRESENT WORTH O&M COST 
TOTAL PRESENT WORTH COST 

$13,593,720 
$817,600 

$14,411,320 
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Alternative 14 - Potassium permanganate ISCO of >100 ppb 
Treatment zone from 15 to 50 
2 Applications/8,796,480 gallons per application 
Assume ROI = 20' 

cu. yds. 
sq. ft. 
mass 

165,900 
112,000 
16,376 

Item Description Takeoff Qty Unit Total 
$/Unit Grand Total 

Mobilization/Demobilization 
Transportation Equipment and Staff 3 lsum 20,000 60,000 

TOTAL 60,000 
Reagent Costs 
Potassium permanganate 1,373,935 lbs 1.68 2,308,211 
Tax (7%) 1 est. 161,575 161,575 

TOTAL 2,469,786 
Application Costs 
Permanganate Applications - Assumes 98 perm well clusters/140 ft per cluster 13,720 ft. 32 439,040 
Injection Time and Equip (509/509 days) 1018 days 6,290 6,403,220 
Hull Travel 500 ea. 52 26,000 
Hotel/Per Diem 1127 days 235 264,845 
ODC/Vehicle 1127 days 150 169,050 
Drilling ODC (per mob.) 2 est. 10,000 20,000 

TOTAL 7,322,155 
Installation of Additional Monitoring Wells 
Two 3-well clusters between building and wetlands (sonic) - 160/cluster 320 ft. 95 30,400 
Development 6 well 500 3,000 
Travel 1 ea. 600 600 
Oversight 9 day 1,100 9,900 
Hotel, Per Diem 9 days 235 2,115 
ODC/Vehicle 9 days 135 1,215 

TOTAL 47,230 
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Alternative 14 - Potassium permanganate ISCO of >100 ppb 
Treatment zone from 15 to 50 
2 Applications/8,796,480 gallons per application 
Assume ROI = 20' 

cu. yds. 
sq. ft. 
mass 

165,900 
112,000 
16,376 

Item Description Takeoff Qty Unit Total 
$/Unit Grand Total 

Vapor Mitigation System 
Directional Drilling (4 x 125 foot laterals) 500 ft. 125 63,000 
Mechanical Components 1 each 25,000 25,000 
Electrical 1 each 10,000 10,000 
Oversight 30 days 1,100 33,000 
Hotel/Per Diem 30 days 235 8,000 
ODC/Vehicle 30 days 150 5,000 
System ODC 1 est. 10,000 10,000 

TOTAL 154,000 
Baseline Sampling 
Labor (man-hours) 38 hrs. 161 6,120 
Analytical 47 samples 108 5,076 
Hotel/Per Diem (2 people), truck, odc 5 days 470 2,350 
ODC/Vehicle 5 days 235 1,175 
Equipment 1 est. 1,530 1,530 

TOTAL 16,251 

Capital Costs 10,069,422 
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TABLE K-20 - PRELIMINARY ESTIMATE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS 

FOR ELECTRICAL RESISTANCE HEATING OF THE VP-17 HOT SPOT
 

Treatment Scenario #15 
Treatment Scenario #14 to be performed concurrently with other on-Site remedial scenarios. 

Treatment Zone estimated at 7,650 sq. ft. / 11,300 cu. yds. 
Estimated 308 pounds of VOC mass 
Provided by Thermal Remediation Services, modified by Hull 
All subcontracted and material costs are assumed to be directly contracted and/or purchased by NHBB. 

Electrical Resistance Heating of VP-17 Hot Spot 

CAPITAL COST 

ITEM DESCRIPTION UNITS QUANTITY UNIT PRICE 
DOLLARS 

TOTAL COST 
DOLLARS 

Mobilization/Demobilization
 Mobilization of Staff LS 1 $10,000 $10,000
 Electrode Materials LS 1 $144,000 $144,000
 Demobilization and Summary Report 

System Installation

LS 1 $53,000 $53,000 

Drilling LS 1 $102,000 $102,000
 Clearing and Grubbing LS 1 $6,000 $6,000
 Subsurface Install LS 1 $57,000 $57,000
 Waste Disposal LS 1 $15,000 $15,000
 Electrical Connection to PCU LS 1 $20,000 $20,000
 Air Monitoring 

System Operation

LS 1 $1,000 $1,000 

Surface Installation and Start-Up LS 1 $199,000 $199,000
 System Operation LS 1 $270,000 $270,000
 Electricity LS 1 $560,000 $560,000
 Carbon Usage/Regeneration LS 1 $8,000 $8,000
 Condensate Disposal LS 1 $1,000 $1,000
 Other Operational Costs LS 1 $41,000 $41,000 

Confirmation Sampling 

Monitoring Well Installation

LS 1 $27,945 $27,945 

Drilling/Development LS 1 $28,000 $28,000
 Oversight LS 1 $10,290 $10,290
 Baseline Sampling 

Surface Restoration

LS 1 $2,500 $2,500 

Planting LS 1 $7,654 $7,654 

Subtotal - Construction Cost 

NON-CONSTRUCTION COST

$1,563,389 

Contractor Fee (0% of Capital Cost) $0
 Legal Fees, Licenses and Permits (0% of Capital Cost) $0
 Engineering and Administration (10% of Capital Cost) $156,339
 Contingency (10% of Subtotal) $156,339 

Subtotal - Non-Construction Cost $312,678 

TOTAL CAPITAL COST $1,876,070 

OPERATION & MAINTENANCE COST 

ITEM DESCRIPTION UNITS QUANTITY 2008 UNIT 
PRICE ($) 

2008 TOTAL COST 
($) 

Performance Monitoring 3 ea $4,000 $12,000 

SUBTOTAL 
CONTINGENCY (10% of Subtotal) 

$12,000 
$1,200 

TOTAL $13,200 
Present Worth @ 7% discount rate for 10 years $99,201 

TOTAL CONSTRUCTION COSTS 
PRESENT WORTH O&M COST 
TOTAL PRESENT WORTH COST 

$1,876,070 
$99,200 

$1,975,270 
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Alternative 15 - VP-17 ERH Hot Spot - remedy to be completed concurrently with on-Site 
work 
Above ground piping installation 
Estimated mass 380 lbs/ treatment from 10-50 feet. 

cu. yds. 
sq. ft. 
mass 

11,300 
7,650 

308-447 

Item Description Takeoff Qty Unit Total $/Unit Grand Total 

Mobilization/Demobilization 
Transportation Equipment and Staff 1 lsum 10,000 10,000 
Electrode Material 1 lsum 144,000 144,000 
Demobilization and Final Report (includes well abandonment) 1 lsum 53,000 53,000 

TOTAL 207,000 

System Installation 

Drilling and Soil Sampling (24 electrodes/24 SVE) 1,560 ft. 65 102,000 
Subsurface Installation (TRS oversight, Concrete Coring, traffic rated vaults) 1 lsum 57,000 57,000 
Waste Disposal 49 tons 300 15,000 
Electrical Connection to PCU 1 lsum 20,000 20,000 
Selective tree and shrub removal, selective clearing brush mowing, heavy density, tractor with 
rotary mower, excludes removal offsite 

1.5 acre 4,000 6,000 

Air Monitoring (Indoor and Outdoor Stations) 0.5 month 2,000 1,000 
TOTAL 201,000 

System Operation 
Surface Installation and Start-up 1 est. 199,000 199,000 
System Operation (Labor/Operation) 1 est. 270,000 270,000 

57 vapor samples, 25 discharge samples, labor 
Electricity Usage 4,000,000 kWh 0.14 560,000 
Carbon Usage, Transportation and Regeneration 4,000 lbs 1.80 8,000 
Water/Condensate Disposal 1 est. 1,000 1,000 
Other Operational Costs 1 est. 41,000 41,000 

TOTAL 1,079,000 
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Alternative 15 - VP-17 ERH Hot Spot - remedy to be completed concurrently with on-Site 
work 
Above ground piping installation 
Estimated mass 380 lbs/ treatment from 10-50 feet. 

cu. yds. 
sq. ft. 
mass 

11,300 
7,650 

308-447 

Item Description Takeoff Qty Unit Total $/Unit Grand Total 

Confirmation Sampling 
Confirmation Sampling and Analysis (assume 5 boring) -Direct Push to 50 feet 5 days 2,500 12,500 
Oversight 7 days 1,100 7,700 
Travel 1 ea. 600 600 
Hotel, Per Diem, Truck 7 days 235 1,645 
VOC Analysis (assume 2 samples per boring) 50 ea. 110 5,500 

TOTAL 27,945 

Monitoring Well Installation 
Install two 3-well clusters (assume 100 feet per cluster) 200 ft. 125 25,000 
Development 6 wells 500 3,000 
Oversight 7 days 1,100 7,700 
Truck 7 days 135 945 
Per Diem 7 days 235 1,645 
Baseline Sampling 1 est. 2,500 2,500 

TOTAL 40,790 

Surface Restoration 
Planting 7,650 sq. ft. 4 7,654 

TOTAL 7,654 

Capital Costs 1,563,389 
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TABLE K-21 - PRELIMINARY ESTIMATE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS 

FOR ELECTRICAL RESISTANCE HEATING OF THE VP-17 HOT SPOT
 

Treatment Scenario #15A 
Treatment Scenario #15A to be performed concurrently with other on-Site remedial scenarios. 

Treatment Zone estimated at 7,650 sq. ft. / 11,300 cu. yds. 
Estimated 308 pounds of VOC mass 
Provided by Thermal Remediation Services, modified by Hull 
All subcontracted and material costs are assumed to be directly contracted and/or purchased by NHBB. 

Electrical Resistance Heating of VP-17 Hot Spot 

CAPITAL COST 

ITEM DESCRIPTION UNITS QUANTITY UNIT PRICE 
DOLLARS 

TOTAL COST 
DOLLARS 

Mobilization/Demobilization
 Mobilization of Staff LS 1 $10,000 $10,000
 Electrode Materials LS 1 $100,000 $100,000
 Demobilization and Summary Report 

System Installation

LS 1 $53,000 $53,000 

Drilling LS 1 $51,000 $51,000
 Clearing and Grubbing LS 1 $6,000 $6,000
 Subsurface Install LS 1 $57,000 $57,000
 Waste Disposal LS 1 $11,000 $11,000
 Electrical Connection to PCU LS 1 $20,000 $20,000
 Air Monitoring 

System Operation

LS 1 $1,000 $1,000 

Surface Installation and Start-Up LS 1 $125,000 $125,000
 System Operation LS 1 $145,000 $145,000
 Electricity LS 1 $280,000 $280,000
 Carbon Usage/Regeneration LS 1 $8,000 $8,000
 Condensate Disposal LS 1 $1,000 $1,000
 Other Operational Costs LS 1 $41,000 $41,000 

Confirmation Sampling
 Drilling and Analysis LS 1 $18,000 $18,000
 Oversight 

Monitoring Well Installation

LS 1 $9,945 $9,945 

Drilling/Development LS 1 $28,000 $28,000
 Oversight LS 1 $10,290 $10,290
 Baseline Sampling 

Surface Restoration

LS 1 $2,500 $2,500 

Planting LS 1 $3,829 $3,829 

Subtotal - Construction Cost $971,564 

NON-CONSTRUCTION COST
 Contractor Fee (0% of Capital Cost) $0
 Legal Fees, Licenses and Permits (0% of Capital Cost) $0
 Engineering and Administration (10% of Capital Cost) $97,156
 Contingency (10% of Subtotal) $97,156 

Subtotal - Non-Construction Cost $194,313 

TOTAL CAPITAL COST $1,165,880 

OPERATION & MAINTENANCE COST 

ITEM DESCRIPTION UNITS QUANTITY 2008 UNIT 
PRICE ($) 

2008 TOTAL COST 
($) 

Performance Monitoring 3 ea $4,000 $12,000 

SUBTOTAL 
CONTINGENCY (10% of Subtotal) 

$12,000 
$1,200 

TOTAL $13,200 
Present Worth @ 7% discount rate for 10 years $99,201 

TOTAL CONSTRUCTION COSTS 
PRESENT WORTH O&M COST 
TOTAL PRESENT WORTH COST 

$1,165,880 
$99,200 

$1,265,080 
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Alternative 15A - VP-17 ERH Hot Spot - remedy to be completed concurrently with on-Site work cu. yds. 5,666 
Above ground piping installation sq. ft. 3,825 
Estimated mass 308 lbs/ treatment from 10-50 feet. mass 308 - 447 

Item Description Takeoff Qty Unit Total $/Unit Grand Total 

Mobilization/Demobilization 
Transportation Equipment and Staff 1 lsum 10,000 10,000 
Electrode Material 1 lsum 100,000 100,000 
Demobilization and Final Report (includes well abandonment) 1 lsum 53,000 53,000 

TOTAL 163,000 

System Installation 

Drilling and Soil Sampling (12 electrodes/12 SVE) 780 ft. 65 51,000 
Subsurface Installation (TRS oversight, Concrete Coring, traffic rated vaults) 1 lsum 57,000 57,000 
Waste Disposal 35 tons 300 11,000 
Electrical Connection to PCU 1 lsum 20,000 20,000 
Selective tree and shrub removal, selective clearing brush mowing, heavy density, tractor with 
rotary mower, excludes removal offsite 

1.5 acre 4,000 6,000 

Air Monitoring (Indoor and Outdoor Stations) 0.5 month 2,000 1,000 
TOTAL 146,000 

System Operation 
Surface Installation and Start-up 1 est. 125,000 125,000 
System Operation (Labor/Operation) 1 est. 145,000 145,000 

57 vapor samples, 25 discharge samples, labor 
Electricity Usage 2,000,000 kWh 0.14 280,000 
Carbon Usage, Transportation and Regeneration 4,000 lbs 1.80 8,000 
Water/Condensate Disposal 1 est. 1,000 1,000 
Other Operational Costs 1 est. 41,000 41,000 

TOTAL 600,000 
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Alternative 15A - VP-17 ERH Hot Spot - remedy to be completed concurrently with on-Site work cu. yds. 5,666 
Above ground piping installation sq. ft. 3,825 
Estimated mass 308 lbs/ treatment from 10-50 feet. mass 308 - 447 

Item Description Takeoff Qty Unit Total $/Unit Grand Total 

Confirmation Sampling 
Confirmation Sampling and Analysis (assume 5 boring) -Direct Push to 50 feet 5 days 2,500 12,500 
Oversight 7 days 1,100 7,700 
Travel 1 ea. 600 600 
Hotel, Per Diem, Truck 7 days 235 1,645 
VOC Analysis (assume 2 samples per boring) 50 ea. 110 5,500 

TOTAL 27,945 

Monitoring Well Installation 
Install two 3-well clusters (assume 100 feet per cluster) 200 ft. 125 25,000 
Development 6 wells 500 3,000 
Oversight 7 days 1,100 7,700 
Truck 7 days 135 945 
Per Diem 7 days 235 1,645 
Baseline Sampling 1 est. 2,500 2,500 

TOTAL 40,790 

Surface Restoration 
Planting 3,825 sq. ft. 4 3,829 

TOTAL 3,829 

Capital Costs 981,564 
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TABLE K-22 - PRELIMINARY ESTIMATE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS 

FOR ISTD OF THE VP-17 HOT SPOT
 

Alternative No. 16 
Treatment Scenario #18 to be performed concurrently with other on-Site remedial scenarios. 

Treatment Zone estimated at 7,650 sq. ft./11,300 cu. yds. 
Estimated 308 pounds of VOC mass 
Provided by TerraTherm, modified by Hull 
All subcontracted and material costs are assumed to be directly contracted and/or purchased by NHBB. 

In-Situ Thermal Destruction of VP-17 Hot Spot 

CAPITAL COST 

ITEM DESCRIPTION UNITS QUANTITY UNIT PRICE 
DOLLARS 

TOTAL COST 
DOLLARS 

Mobilization/Demobilization
 Transportation Equipment and Staff LS 1 $10,000 $10,000
 Procurement and Mobilization LS 1 $82,000 $82,000
 Demobilization and Summary Report 

System Installation

LS 1 $74,000 $74,000 

Drilling LS 1 $394,000 $394,000
 Waste Disposal LS 1 $30,000 $30,000
 Mechanical Construction LS 1 $75,000 $75,000
 Steam Generation and Equipment LS 1 $0 $0
 ISTD Power Equipment LS 1 $51,000 $51,000
 Electrical Construction LS 1 $99,000 $99,000
 Power Drop LS 1 $36,000 $36,000
 Effluent Treatment LS 1 $161,000 $161,000
 Air Monitoring LS 1 $2,000 $2,000
 Start Up and Shake Down LS 1 $67,000 $67,000
 Hull Oversight 

System Operation

LS 1 $44,840 $44,840 

Maintenance ODC LS 1 $39,000 $39,000
 Labor Per Diem Travel (TerraTherm) LS 1 $121,500 $121,500
 Process Monitoring and Sampling LS 1 $20,000 $20,000
 Waste Disposal LS 1 $5,000 $5,000
 Rental Fees LS 1 $40,000 $40,000
 Electricity 

Confirmation Sampling

LS 1 $438,667 $438,667 

Drilling and Analysis LS 1 $21,760 $21,760
 Oversight 

Monitoring Well Installation

LS 1 $13,950 $13,950 

Drilling and Development LS 1 $28,000 $28,001
 Oversight LS 1 $10,290 $10,291
 Baseline Sampling 

Surface Restoration

LS 1 $2,500 $2,501 

Asphalt/Concrete Repair LS 1 $30,600 $30,600 

Subtotal - Construction Cost 

NON-CONSTRUCTION COST

$1,897,110 

Contractor Fee (0% of Capital Cost) $0
 Legal Fees, Licenses and Permits (5% of Capital Cost) $94,855
 Engineering and Administration (10% of Capital Cost) $189,711
 Contingency (10% of Subtotal) $189,711 

Subtotal - Non-Construction Cost $474,277 

TOTAL CAPITAL COST $2,371,390 

OPERATION & MAINTENANCE COST 

ITEM DESCRIPTION UNITS QUANTITY 2008 UNIT PRICE 
($) 

2008 TOTAL COST 
($) 

Performance Monitoring 3 ea $4,000 $12,000 

SUBTOTAL 
CONTINGENCY (10% of Subtotal) 

$12,000 
$1,200 

TOTAL $13,200 
Present Worth @ 7% discount rate for 10 years $99,201 

TOTAL CONSTRUCTION COSTS 
PRESENT WORTH O&M COST 
TOTAL PRESENT WORTH COST 

$2,371,390 
$99,200 

$2,470,590 
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Alternative 16 - ISTD Proximate to VP-17 
Provided by TerraTherm 
Estimated mass 308 lbs/ treatment from 11-50 feet. 

cu. yds. 
sq. ft. 
mass 

11,051 
7,650 

308-447 lbs 

Item Description Takeoff Qty Unit Total $/Unit Grand Total 

Mobilization/Demobilization 
Transportation Equipment and Staff 1 lsum 10,000 10,000 
Procurement and Mobilization 1 lsum 82,000 82,000 
Demobilization and Final Report 1 lsum 74,000 74,000 

TOTAL 166,000 

System Installation 

Clearing and Grubbing (Thick woods) 1 acre 8,000 8,000 
SWPP and Implementation 1 est. 8,000 8,000 
Drilling and Soil Sampling (65 HO, 13 SVE, 17 TEMP) 1 est. 394,000 394,000 
Waste Disposal (assume hazardous drill cutting - trenching above grade) 100 tons 300 30,000 
Mechanical Construction 1 est. 75,000 75,000 
Steam Generation Equip 1 est. 0 0 
ISTD Power Equipment 1 est. 51,000 51,000 
Electrical construction 1 est. 99,000 99,000 
Power Drop 1 est. 36,000 36,000 
Effluent Treatment 1 est. 161,000 161,000 
Air Monitoring (Indoor and Outdoor Stations) 1 month 2,000 2,000 
Startup and Shakedown 1 est. 67,000 67,000 
Oversight (Hull) 30 days 1,100 33,000 
Hotel/Per Diem 32 days 235 7,520 
Truck ODC 32 days 135 4,320 

TOTAL 959,840 
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Alternative 16 - ISTD Proximate to VP-17 
Provided by TerraTherm 
Estimated mass 308 lbs/ treatment from 11-50 feet. 

cu. yds. 
sq. ft. 
mass 

11,051 
7,650 

308-447 lbs 

Item Description Takeoff Qty Unit Total $/Unit Grand Total 

System Operation 
Maintenance ODC 1 est. 39,000 39,000 
Labor Travel Per Diem (TerraTherm) 1 est. 121,500 121,500 
Process Monitoring and Sampling 1 est. 20,000 20,000 
Waste Disposal (assume generation of NAPL and/or sludges) 1 est. 5,000 5,000 
Rental and Fees 1 est. 40,000 40,000 
Electricity 3,133,333 kWh 0.14 438,667 

TOTAL 664,167 

Confirmation Sampling 
Confirmation Sampling and Analysis (assume 8 boring) -Direct Push to 50 feet 8 days 2,500 20,000 
Oversight (Hull) 10 days 1,100 11,000 
Travel 1 ea. 600 600 
Hotel, Per Diem 10 days 235 2,350 
Truck, ODC 10 days 135 1,350 
VOC Analysis 16 ea. 110 1,760 

TOTAL 37,060 
Monitoring Well Installation 
Install two 3-well cluster (assume 100 feet per cluster) 200 ft. 125 25,000 
Development 6 wells 500 3,000 
Oversight 7 days 1,100 7,700 
Truck 7 days 135 945 
Per Diem 7 days 235 1,645 
Baseline sampling 1 ea. 2,500 2,500 

TOTAL 40,790 

Surface Restoration 
Planting 7650 sq. ft. 4 30,600 

TOTAL 30,600 
Capital Costs 1,898,457 
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TABLE K-23 - PRELIMINARY ESTIMATE OF CAPITAL AND OPERATIONS AND MAINTENANCE COSTS
 
FOR MIXED ISCO OF THE VP-17 HOTSPOT
 

Alternative No. 17 

Treatment Zone estimated at 7,650 sq. ft./11,300 cu. yds. 
Estimated 308 pounds of VOC mass. 
XDD, LLC., modified by Hull 
All subcontracted and material costs are assumed to be directly contracted and/or purchased by NHBB. 

Application of Mixed ISCO in the VP-17 Hot Spot. 

CAPITAL COST 

ITEM DESCRIPTION UNITS QUANTITY UNIT PRICE 
DOLLARS 

TOTAL COST 
DOLLARS 

Mobilization/Demobilization
 Transportation Equipment and Staff 

Reagent Costs 

LS 1 $60,000 $60,000 

CHP LS 1 $273,735 $273,735
 Potassium Permanganate LS 1 $116,878 $116,878
 Tax 

Application Costs 

LS 1 $27,343 $27,343 

Well Points LS 1 $167,960 $167,960
 Injection Equipment and Labor LS 1 $1,017,500 $1,017,500
 Oversight 

Installation of Additional Monitoring Wells

LS 1 $166,350 $166,350 

Drilling/Development LS 1 $22,000 $22,000
 Oversight LS 1 $10,890 $10,890
 Baseline Sampling 

Routine Sampling Throughout Remedy 

LS 1 $3,080 $3,080 

Labor LS 1 $55,250 $55,250
 ODC LS 1 $45,495 $45,495
 Analytical LS 1 $35,100 $35,100 

Subtotal - Construction Cost $2,001,580 

NON-CONSTRUCTION COST
 Contractor Fee (0% of Capital Cost) $0
 Legal Fees, Licenses and Permits (5% of Capital Cost) $100,079
 Engineering and Administration (20% of Capital Cost) $400,316
 Contingency (20% of Subtotal) $400,316 

Subtotal - Non-Construction Cost $900,711 

TOTAL CAPITAL COST $2,902,290 

OPERATION & MAINTENANCE COST 

ITEM DESCRIPTION UNITS QUANTITY 2008 UNIT PRICE 
($) 

2008 TOTAL COST 
($) 

Performance Monitoring (Groundwater) to be completed 
concurrently with main plume sampling. 

quarter 3 $7,000 $21,000 

SUBTOTAL 
CONTINGENCY (10% of Subtotal) 

$21,000 
$2,100 

SUB TOTAL $23,100 
Present Worth @ 7% discount rate for 10 years $173,602 

TOTAL CONSTRUCTION COSTS 
PRESENT WORTH O&M COST 
TOTAL PRESENT WORTH COST 

$2,902,290 
$173,600 

$3,075,890 
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Alternative 17- Mixed ISCO of >VP-17 Hotspot 
Full Scale CHP with CHP and KMn04 polishing 11-50 
CHP full scale =589,158 CHP Polish = 294,579 KMn03 polish = 334,749 gals 
Assume ROI = 12' 
Target thickness from 11-50 feet; 19 well clusters set at 18, 26, 34, 42, 50 ft bgs. 

cu. yds. 

sq. ft. 
mass 

11,051 

7,650 
308-447 

Item Description Takeoff Qty Unit Total 
$/Unit Grand Total 

Mobilization/Demobilization 
Transportation Equipment and Staff 3 lsum 20,000 60,000 

TOTAL 60,000 
Reagent Costs 
CHP Full Scale 115,500 lbs. 1.34 154,770 
CHP Polish 115,500 lbs. 1.03 118,965 
KMn04 Polish 41,742 lbs. 2.80 116,878 
Tax (7%) 1 est. 27,343 27,343 

TOTAL 417,955 
Drilling and ISCO Application Costs 
Drilling 3,230 ft, 52 167,960 

Application Equipment 75 days 7,500 562,500 

XDD Labor (preparaton and on-site time) 130 days 3,500 455,000 

Hull Oversight (Drilling, Pilot and Full Scale) 110 days 1,100 121,000 
Hull Travel 6 ea. 500 3,000 
Hotel/Per Diem 110 days 235 25,850 
ODC/Vehicle 110 days 150 16,500 

TOTAL 1,351,810 
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Alternative 17- Mixed ISCO of >VP-17 Hotspot 
Full Scale CHP with CHP and KMn04 polishing 11-50 
CHP full scale =589,158 CHP Polish = 294,579 KMn03 polish = 334,749 gals 
Assume ROI = 12' 
Target thickness from 11-50 feet; 19 well clusters set at 18, 26, 34, 42, 50 ft bgs. 

cu. yds. 

sq. ft. 
mass 

11,051 

7,650 
308-447 

Item Description Takeoff Qty Unit Total 
$/Unit Grand Total 

Installation of Additional Monitoring Wells 
Two 3-well clusters between building and wetlands (sonic) - 100 ft/cluster 200 ft. 95 19,000 
Development 500 well 6 3,000 
Oversight 7 days 1,100 7,700 
Travel 1 ea. 600 600 
Hotel, Per Diem, Truck 7 days 235 1,645 
ODC/Vehicle 7 days 135 945 
Sampling labor 2 days 1,100 2,200 
Analysis - voc 8 ea. 110 880 

TOTAL 35,970 

Routine Sampling Throughout Remedy 
Labor (man-hours) 650 hrs. 85 55,250 
Analytical (eight events including baseline) 325 samples 108 35,100 
Hotel/Per Diem (2 people) 36 days 470 16,920 
ODC/Vehicle 45 days 235 10,575 
Equipment 9 est. 2,000 18,000 

TOTAL 135,845 

Capital Costs 2,001,580 
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TABLE K-24 - PRELIMINARY ESTIMATE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS 

FOR ISCO AND BIOLOGICAL REMEDIATION OF >1,000 PPB TREATMENT ZONE
 

Alternative No. 18 

Treatment Zone estimated at 52,700 sq ft. / 87,833 cu yds for main plume. 
Treatment Zone estimated at 7,650 sq ft. / 12,750 cu yds for VP-17 Hot Spot. 
Estimated 19,465 pounds of VOC mass (includes estimate of vadose zone five feet above water table) 
Regenesis Products, modified by Hull 
All subcontracted and material costs are assumed to be directly contracted and/or purchased by NHBB. 

Application of ReGenOX in >100,000 ppb Treatment Zone. Treat remaining dissolved plume 
greater than 1,000 ppb and VP-17 hotspot with 3DMe Microemulsion. Remedial Target 
reduction to <1,000 ppb. 

CAPITAL COST 

ITEM DESCRIPTION UNITS QUANTITY UNIT PRICE 
DOLLARS 

TOTAL COST 
DOLLARS 

Mobilization/Demobilization
 Transportation Equipment and Staff 

Reagent Costs (Assume three applications at Years 0, 2 and 4)

each 1 $80,000 $80,000 

ReGenOX - Applications 1-3 LS 1 $411,810 $411,810
 3DMe - Application 1 LS 1 $595,904 $595,904
 3DMe - Application 2 LS 1 $327,747 $327,747
 3DMe - Application 3 LS 1 $163,874 $163,874
 Shipping LS 1 $80,000 $80,000
 Tax 

Application Costs -(Assume applications at Years 0, 2 and 4) 

LS 1 $104,953 $104,953 

Direct Push - 270 Points - RegenOX applications 1-3 LS 1 $250,000 $250,000
 Direct Push - 733 points - 3DME Application 1 LS 1 $315,000 $315,000
 Direct Push - 366 points - 3DME Application 2 LS 1 $172,500 $172,500
 Direct Push - 183 points - 3DME Application 3 LS 1 $172,500 $172,500
 Oversight LS 1 $284,370 $284,370
 Drilling ODC 

Installation of Additional Monitoring Wells

LS 1 $30,000 $30,000 

Drilling/Development LS 1 $30,400 $30,400
 Oversight 

Baseline Sampling

LS 1 $13,830 $13,830 

Labor LS 1 $6,120 $6,120
 ODC LS 1 $5,055 $5,055
 Analytical 

Vapor Mitigation System

LS 1 $5,076 $5,076 

Drilling LS 1 $63,000 $63,000
 Mechanical LS 1 $25,000 $25,000
 Electrical LS 1 $10,000 $10,000
 ODC LS 1 $10,000 $10,000 

Subtotal - Construction Cost $3,157,140 

NON-CONSTRUCTION COST
 Contractor Fee (10% of Capital Cost) $315,714
 Legal Fees, Licenses and Permits (5% of Capital Cost) $157,857
 Engineering and Administration (20% of Capital Cost) $631,428
 Contingency (20% of Subtotal) $631,428 

Subtotal - Non-Construction Cost $1,736,427 

TOTAL CAPITAL COST $4,893,570 

OPERATION & MAINTENANCE COST 

ITEM DESCRIPTION UNITS QUANTITY 2008 UNIT PRICE 
($) 

2008 TOTAL COST 
($) 

Performance Monitoring (Groundwater) and Reporting quarter 3 $32,000 $96,000 
SUBTOTAL 
CONTINGENCY (10% of Subtotal) 

$96,000 
$9,600 

TOTAL $105,600 
Present Worth @ 7% discount rate for 10 years $793,609 

Vapor System O&M month 12 $6,000 $72,000 
SUBTOTAL 
CONTINGENCY (10% of Subtotal) 

$72,000 
$7,200 

TOTAL $79,200 
Present Worth @ 7% discount rate for 3 years $222,395 

TOTAL CONSTRUCTION COSTS 
PRESENT WORTH O&M COST 
TOTAL PRESENT WORTH COST 

$4,893,570 
$1,016,000 

$5,909,570 
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Alternative 18 - RegenOX Treatment of >100,000 ppb and 3DMe Treatment of dissolved 
plume >1,000 ppb and Treatment of VP-17 hotspot 
Treatment zone from 10 to 50 (5 feet of vadose zone) soil mass adjusted by Regenesis to 
account for vadose zone mass (19,465 lbs) 
Three applications at years 0, 2, and 4 - RAO - 1,000 ppb 
Applications 2 and 3 are 50% and 25% of the original application effort. 

Item Description Takeoff Qty Unit Total 
$/Unit Grand Total 

Mobilization/Demobilization 
Transportation Equipment and Staff 4 lsum 20,000 80,000 

TOTAL 80,000 
Reagent Costs (Assume three applications at Years 0, 2 and 4) 
RegenOx - (Applications 1-3) 2,226 cy 185 411,810 
3DMe-1 138,582 cy 4.30 595,904 
3DMe-2 - assume 50% of original application 76,220 cy 4.30 327,747 
3DMe-3 - assume 25% of original application 38,110 cy 4.30 163,874 
Tax (7%) 1 est. 104,953 104,953 
Shipping (assumed) 4 lsum 20,000 80,000 

TOTAL 1,684,289 
Application Costs -(Assume applications at Years 0, 2 and 4) 
Regenox Applications - 1 through 3 back to back (270 points) - 2 Rigs 50 days 5,000 250,000 
Oversight 50 days 1,100 55,000 
Travel 500 each 4 2,000 
Hotel/Per Diem 52 days 235 12,220 
ODC/Vehicle 52 days 150 7,800 
3DME Application 1 - Install 733 Direct Push Points -(Assume 3 rigs for 18 points per day) - 42 days 7,500 315,000 
3DME Application 2 - Install 366 Direct Push Points (50% of App 1) - Assume 3 rigs for 18 point 
per day 

23 days 7,500 172,500 

3DME Application 3 - Install 183 Direct Push Points (25% of App 1) - Assume 2 rigs for 6 points 
per day 

32 days 5,000 172,500 

Oversight 110 days 1,100 160,000 
Travel 500 ea. 10 5,000 
Hotel/Per Diem 110 days 235 25,850 
ODC/Vehicle 110 days 150 16,500 
Drilling ODC (per mob.) 3 est. 10,000 30,000 

TOTAL 1,224,370 
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Alternative 18 - RegenOX Treatment of >100,000 ppb and 3DMe Treatment of dissolved 
plume >1,000 ppb and Treatment of VP-17 hotspot 
Treatment zone from 10 to 50 (5 feet of vadose zone) soil mass adjusted by Regenesis to 
account for vadose zone mass (19,465 lbs) 
Three applications at years 0, 2, and 4 - RAO - 1,000 ppb 
Applications 2 and 3 are 50% and 25% of the original application effort. 

Item Description Takeoff Qty Unit Total 
$/Unit Grand Total 

Installation of Additional Monitoring Wells 
Two 3-well clusters between building and wetlands (sonic) - 160'/CLUSTER 320 ft. 95 30,400 
Development 6 ea 500 3,000 
Oversight 9 days 1,100 9,900 
Travel 1 ea. 600 600 
Hotel, Per Diem, Truck 9 day 235 2,115 
ODC/Vehicle 9 days 135 1,215 

TOTAL 47,230 

Vapor Mitigation System 
Directional Drilling (4 x 125 foot laterals) 500 ft. 125 63,000 
Mechanical Components 1 ea. 25,000 25,000 
Electrical 1 ea. 10,000 10,000 
Oversight 30 days 1,100 33,000 
Hotel/Per Diem 30 days 235 8,000 
ODC/Vehicle 30 days 150 5,000 
System ODC 1 est. 10,000 10,000 

TOTAL 154,000 
Baseline Sampling 
Labor (man hours) 72 hrs. 85 6,120 
Analytical 47 samples 108 5,076 
Hotel/Per Diem (2 people) 4 days 470 1,880 
ODC/Vehicle 5 days 235 1,175 
Equipment 1 est. 2,000 2,000 

TOTAL 16,251 

Capital Costs 3,206,140 
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TABLE K-25 - PRELIMINARY ESTIMATE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS 

FOR EOS APPLICATION IN VP-17 HOTSPOT
 

Alternative No. 19A - VP-17 EOS Treatment 

Treatment Zone estimated at 7,650 sq. ft. / 11,300 cu. yds. 
Estimated VOC mass 308 
XDD, LLC, modified by Hull 
All subcontracted and material costs are assumed to be directly contracted and/or purchased by NHBB. 

Application of EOS in VP-17 Hot Spot 

CAPITAL COST 

ITEM DESCRIPTION UNITS QUANTITY UNIT PRICE 
DOLLARS 

TOTAL COST 
DOLLARS 

Mobilization/Demobilization
 Transportation Equipment and Staff 

EOS Costs 

each 1 $25,000 $25,000 

EOS LS 1 $127,300 $127,300
 Tax 

Application Costs -(Direct Push Application) 

LS 1 $8,911 $8,911 

Injection Application, Labor and Equipment LS 1 $140,000 $140,000
 Oversight LS 1 $31,700 $31,700
 Drilling ODC LS 1 $5,000 $5,000 

Subtotal - Construction Cost $337,911 

NON-CONSTRUCTION COST
 Contractor Fee (0% of Capital Cost) $0
 Legal Fees, Licenses and Permits (5% of Capital Cost) $16,896
 Engineering and Administration (20% of Capital Cost) $67,582
 Contingency (20% of Subtotal) $67,582 

Subtotal - Non-Construction Cost $152,060 

TOTAL CAPITAL COST $489,970 

OPERATION & MAINTENANCE COST 

ITEM DESCRIPTION UNITS QUANTITY 2008 UNIT PRICE 
($) 

2008 TOTAL COST 
($) 

Performance Monitoring (Groundwater) and Reporting quarter 0 $32,000 $0 
SUBTOTAL 
CONTINGENCY (10% of Subtotal) 

$0 
$0 

TOTAL $0 
Present Worth @ 7% discount rate for 10 years $0 

TOTAL CONSTRUCTION COSTS 
PRESENT WORTH O&M COST 
TOTAL PRESENT WORTH COST 

$489,970 
$0 

$489,970 
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Alternative 19A - EOS In VP-17 
Application of EOS VP-17; assume treatment as separate mob. 
Treat from 10 to 50 ft bgs. 
Estimated VOC Mass 308 - 447 pounds 

VP17 7,650.0 sq ft 
11,000.0 cu yds 

61.0 points 

Item Description Takeoff Qty Unit Total 
$/Unit Grand Total 

Mobilization/Demobilization 
Transportation Equipment and Staff 1 lsum 25,000 25,000 

TOTAL 25,000 
EOS Costs 
EOS Costs (delivered) 38,000 lbs. 3.35 127,300 
Tax (7%) 1 est. 8,911 8,911 

TOTAL 136,211 
Application Costs -(Direct Push Application) 
Direct Push Application 20 days 4,000 80,000 
- Assumes 61 points on 11 ft spacing; 4 points per day; 1 Geoprobe; injection rate of 3 gpm 

XDD- Labor daily rate (2 people @ 150/hr based on 10 hr day) 20 days 3,000 60,000 
Oversight - Labor daily rate (1 person @ 110/hr based on 10 hr day) 20 days 1,100 22,000 
Travel 4 ea. 500 2,000 
Hotel/Per Diem 20 days 235 4,700 
ODC/Vehicle 20 days 150 3,000 
Drilling ODC (per mob.) 1 est. 5,000 5,000 

TOTAL 176,700 

Capital Costs 337,911 
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TABLE K-26 - PRELIMINARY ESTIMATE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS 

FOR ON-PROPERTY EOS POLISHING 


Alternative No. 19B - On-Property EOS Polish 

Treatment Zone estimated at 42,000 cu yds of treatment. 

XDD, LLC, modified by Hull 
All subcontracted and material costs are assumed to be directly contracted and/or purchased by NHBB. 

Application of EOS in >1,000 ppb Treatment Zone for biological polishing omitting 
modified>100,000 treatment volume (Alt 3A). 

CAPITAL COST 

ITEM DESCRIPTION UNITS QUANTITY UNIT PRICE 
DOLLARS 

TOTAL COST 
DOLLARS 

Mobilization/Demobilization
 Transportation Equipment and Staff 

EOS Costs 

each 1 $25,000 $25,000 

EOS LS 1 $330,310 $330,310
 Tax 

Application Costs -(Direct Push Application) 

LS 1 $23,122 $23,122 

Direct Push - 200 Points LS 1 $480,000 $480,000
 Injection Equipment LS 1 $180,000 $180,000
 Oversight LS 1 $93,100 $93,100
 Drilling ODC LS 1 $5,000 $5,000 

Subtotal - Construction Cost $1,136,532 

NON-CONSTRUCTION COST
 Contractor Fee (0% of Capital Cost) $0
 Legal Fees, Licenses and Permits (5% of Capital Cost) $56,827
 Engineering and Administration (20% of Capital Cost) $227,306
 Contingency (20% of Subtotal) $227,306 

Subtotal - Non-Construction Cost $511,439 

TOTAL CAPITAL COST $1,647,970 

OPERATION & MAINTENANCE COST 

ITEM DESCRIPTION UNITS QUANTITY 2008 UNIT PRICE 
($) 

2008 TOTAL COST 
($) 

Performance Monitoring (Groundwater) and Reporting quarter 0 $32,000 $0 
SUBTOTAL 
CONTINGENCY (10% of Subtotal) 

$0 
$0 

TOTAL $0 
Present Worth @ 7% discount rate for 10 years $0 

TOTAL CONSTRUCTION COSTS 
PRESENT WORTH O&M COST 
TOTAL PRESENT WORTH COST 

$1,647,970 
$0 

$1,647,970 
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Alternative 19B - On-Property EOS Polish 
Application of EOS in >1,000 ppb Treatment Zone for biological polishing omitting 
modified>100,000 treatment volume (Alt. 2A). 
Treat from 15 to 50 ft bgs; assumes separate mob. 
Estimated VOC mass 1,745 pounds. 

32,300.0 
41,870.4 

sq ft 
cu.yds. 

Item Description Takeoff 
Qty Unit Total 

$/Unit Grand Total 
Mobilization/Demobilization 
Transportation Equipment and Staff 1 lsum 25,000 25,000 

TOTAL 25,000 
EOS Costs 
EOS Costs (delivered) 98,600 lb 3.35 330,310 
Tax (7%) 1 est. 23,122 23,122 

TOTAL 353,432 
Application Costs -(Direct Push Application) 
Direct Push Application 60 days 8,000 480,000
 - 257 injection points on 11 ft spacing, 3 gpm injection rate, 2 Geoprobes 
XDD- Labor daily rate (2 people @ 150/hr based on 10 hr day) 60 days 3,000 180,000 
Oversight - Labor daily rate (1 person @ 110/hr based on 10 hr day) 60 days 1,100 66,000 
Travel 8 ea. 500 4,000 
Hotel/Per Diem 60 days 235 14,100 
ODC/Vehicle 60 days 150 9,000 
Drilling ODC (per mob.) 1 est. 5,000 5,000 

TOTAL 758,100 

Capital Costs 1,136,532 
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TABLE K-27 - PRELIMINARY ESTIMATE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS 

FOR AQUABUPH IN THE VP-17 HOTSPOT
 

Alternative No. 19C - VP-17 AquaBupH Treatment 

Treatment Zone estimated at 7,650 sq ft. / 11,300 cu yds of treatment 
Estimated VOC mass 308 - 447 pounds. 
XDD, LLC, modified by Hull 
All subcontracted and material costs are assumed to be directly contracted and/or purchased by NHBB. 

Application of AquaBupH (EOS and Buffer) in VP-17 Hot Spot for biological treatment of VOCs. 

CAPITAL COST 

ITEM DESCRIPTION UNITS QUANTITY UNIT PRICE 
DOLLARS 

TOTAL COST 
DOLLARS 

Mobilization/Demobilization
 Transportation Equipment and Staff 

AquaBupH Costs 

each 1 $25,000 $25,000 

AquaBupH LS 1 $122,926 $122,926
 Tax 

Application Costs -(Direct Push Application) 

LS 1 $8,605 $8,605 

Injection Application, Labor and Equipment LS 1 $378,000 $378,000
 Oversight LS 1 $53,975 $53,975
 Drilling ODC LS 1 $5,000 $5,000 

Subtotal - Construction Cost $593,505 

NON-CONSTRUCTION COST
 Contractor Fee (0% of Capital Cost) $0
 Legal Fees, Licenses and Permits (5% of Capital Cost) $29,675
 Engineering and Administration (20% of Capital Cost) $118,701
 Contingency (20% of Subtotal) $118,701 

Subtotal - Non-Construction Cost $267,077 

TOTAL CAPITAL COST $860,580 

OPERATION & MAINTENANCE COST 

ITEM DESCRIPTION UNITS QUANTITY 2008 UNIT PRICE 
($) 

2008 TOTAL COST 
($) 

Performance Monitoring (Groundwater) and Reporting quarter 0 $32,000 $0 
SUBTOTAL 
CONTINGENCY (10% of Subtotal) 

$0 
$0 

TOTAL $0 
Present Worth @ 7% discount rate for 10 years $0 

TOTAL CONSTRUCTION COSTS 
PRESENT WORTH O&M COST 
TOTAL PRESENT WORTH COST 

$860,580 
$0 

$860,580 
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Alternative 19C - VP-17 AquaBupH Treatment 

Application of AquaBupH in VP-17 hotspot for VOC treatment. Treat from 10 to 50 ft bgs. 
10-12 foot injection spacing. 
Estimated VOC mass 308 - 447 pounds. 

7,650.0 sq ft 

306,000.0 cu ft. 
11,333.3 cu yds. 

Item Description Takeoff Qty Unit Total 
$/Unit Grand Total 

Mobilization/Demobilization 
Transportation/Mobilization of Equipment and Staff 1 lsum 25,000 25,000 

TOTAL 25,000 
AquaBupH Costs 
AquaBupH Costs (delivered) 22,680 lb 5.42 122,926 
Tax (7%) 1 est. 8,605 8,605 

TOTAL 131,530 
Application Costs -(Direct Push Application) 
Direct Push Application - 33 days 8,000 264,000
 - 61 injection points via 2 geoprobes; 8 point simulatenously injected; 12 gpm delivery 
XDD- Time (2 people) includes coordination and set up 38 days 3,000 114,000 
Hull Oversight 35 days 1,100 38,500 
Travel 4 ea. 500 2,000 
Hotel/Per Diem 35 days 235 8,225 
ODC/Vehicle 35 days 150 5,250 
Drilling ODC (per mob.) 1 est. 5,000 5,000 

TOTAL 436,975 

Capital Costs 593,505 
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TABLE K-28 - PRELIMINARY ESTIMATE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS 

FOR AQUABUPH BIOLOGICAL POLISHING
 

Alternative No. 19D - AquaBupH Polishing 

Treatment Zone estimated at 32,300 sq ft. / 42,00 cu yds of treatment 
Estimated VOC Mass 1,745 pounds. 
XDD, LLC, modified by Hull 
All subcontracted and material costs are assumed to be directly contracted and/or purchased by NHBB. 

Application of AquaBupH (EOS and Buffer) in >1,000 ppb Treatment Zone for biological 
polishing omitting modified>100,000 (Alt. 3A) treatment volume. 

CAPITAL COST 

ITEM DESCRIPTION UNITS QUANTITY UNIT PRICE 
DOLLARS 

TOTAL COST 
DOLLARS 

Mobilization/Demobilization
 Transportation Equipment and Staff 

AquaBupH Costs 

each 1 $25,000 $25,000 

AquaBupH LS 1 $450,944 $450,944
 Tax 

Application Costs -(Direct Push Application) 

LS 1 $31,566 $31,566 

Injection Application, Labor and Equipment LS 1 $660,000 $660,000
 Oversight LS 1 $93,100 $93,100
 Drilling ODC LS 1 $5,000 $5,000 

Subtotal - Construction Cost $1,265,610 

NON-CONSTRUCTION COST
 Contractor Fee (0% of Capital Cost) $0
 Legal Fees, Licenses and Permits (5% of Capital Cost) $63,281
 Engineering and Administration (20% of Capital Cost) $253,122
 Contingency (20% of Subtotal) $253,122 

Subtotal - Non-Construction Cost $569,525 

TOTAL CAPITAL COST $1,835,135 

OPERATION & MAINTENANCE COST 

ITEM DESCRIPTION UNITS QUANTITY 2008 UNIT PRICE 
($) 

2008 TOTAL COST 
($) 

Performance Monitoring (Groundwater) and Reporting quarter 0 $32,000 $0 
SUBTOTAL 
CONTINGENCY (10% of Subtotal) 

$0 
$0 

TOTAL $0 
Present Worth @ 7% discount rate for 10 years $0 

TOTAL CONSTRUCTION COSTS 
PRESENT WORTH O&M COST 
TOTAL PRESENT WORTH COST 

$1,835,135 
$0 

$1,835,130 
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Alternative 19D - Modified AquaBupH Polishing of 42,000 cubic yds of aquifer 
Application of AquaBupH in >1,000 ppb Treatment Zone omitting the modified>100,000 
treatment volume (Alt 2A) for polishing. Treat from 15 to 50 ft bgs. 
Estimated VOC mass in treatment alternative is 1,745 pounds. 

>1000 

minus Alt 2A vol. 

52,000.0 sq ft 

1,820,000.0 cu ft 
67,407.4 cu yds 
41,807.4 cubic yds 

Item Description Takeoff Qty Unit Total $/Unit Grand Total 

Mobilization/Demobilization 
Transportation Equipment and Staff 1 lsum 25,000 25,000 

TOTAL 25,000 
AquaBupH Costs 
AquaBupH Costs (delivered) 83,200 lb 5.42 450,944 
Tax (7%) 1 est. 31,566 31,566 

TOTAL 482,510 
Application Costs -(Direct Push Application) 
Direct Push Application and Equipment 60 days 8,000 480,000
 - 257 injection points via 2 geoprobes; 8 point simulatenously injected; 12 gpm delivery 
XDD- Labor daily rate (2 people @ 150/hr based on 10 hr day) 60 days 3,000 180,000 
Oversight - Labor daily rate (1 person @ 110/hr based on 10 hr day) 60 days 1,100 66,000 
Travel 8 ea. 500 4,000 
Hotel/Per Diem 60 days 235 14,100 
ODC/Vehicle 60 days 150 9,000 
Drilling ODC (per mob.) 1 est. 5,000 5,000 

TOTAL 758,100 

Capital Costs 1,265,610 
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TABLE K-29 - PRELIMINARY ESTIMATE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS 

FOR WELL HEAD TREATMENT AT THE SOUTH WELL USING AIR STRIPPING TECHNOLOGY
 

Alternative No. 20 

Estimate prepared by Hull using Racer 
All subcontracted and material costs are assumed to be directly contracted and/or purchased by NHBB. 

Installation of Well Head Treatment @ South Well - Two Stripper Scenario 

CAPITAL COST 

ITEM DESCRIPTION UNITS QUANTITY UNIT PRICE 
DOLLARS 

TOTAL COST 
DOLLARS 

Mobilization/Demobilization
 Transportation Equipment and Staff each 1 $25,000 $25,000
 Temporary Facilities each 1 $10,000 $10,000 

Demolition of Existing Well House and Installation of New Building
 Demolition LS 1 $5,938 $5,938
 New Building LS 1 $77,460 $77,460
 Oversight LS 1 $8,020 $8,020 

Treatment Train - two tower redundant system
 Well Rehab/Connection LS 1 $34,000 $34,000
 System Components LS 1 $132,502 $132,502
 Labor LS 1 $23,162 $23,162
 PLC LS 1 $6,063 $6,063
 Electrician LS 1 $24,500 $24,500
 ODC/Materials LS 1 $15,000 $15,000
 Oversight LS 1 $44,425 $44,425 

Sentinel Wells
 Drilling LS 1 $117,000 $117,000
 Oversight LS 1 $20,950 $20,950 

Subtotal - Construction Cost $544,020 

NON-CONSTRUCTION COST
 Contractor Fee (0% of Capital Cost) $0
 Legal Fees, Licenses and Permits (15% of Capital Cost) $81,603
 Engineering and Administration (20% of Capital Cost) $108,804
 Contingency (20% of Subtotal) $108,804 

Subtotal - Non-Construction Cost $299,211 

TOTAL CAPITAL COST $843,230 

OPERATION & MAINTENANCE COST 

ITEM DESCRIPTION UNITS QUANTITY 2008 UNIT PRICE 
($) 

2008 TOTAL COST 
($) 

System O&M and Stripper Cleaning* 
Component replacement 

year 
year 

1 
1 

$65,000 
$5,000 

$65,000 
$5,000 

SUBTOTAL 
CONTINGENCY (10% of Subtotal) 

$70,000 
$7,000 

TOTAL $77,000 
Present Worth @ 7% discount rate for 30 years $1,022,381 

TOTAL CONSTRUCTION COSTS 
PRESENT WORTH O&M COST 
TOTAL PRESENT WORTH COST 

$843,230 
$1,022,380 

$1,865,610 
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Alternative 20 - Well Heat Treatment using stripper (2 treatment trains) 
400 gpm influent 
Assumes 25x25x16 cinderblock building with fab. Wood trusses, steel roof and strip footing. 
Assumes installation of overhead, electric chain hook, 15' lift 3 ton capacity - hoist. 
Well rehab includes installation of new 15 hp pump and redevelopment. 
Treatment includes two 400 gpm 2-tray SS shallow tray strippers with 25 hp blowers, stripper discharge will gravity drain to 
lift station. Lift station cost not included. Assumes one stripper will be active at all times. If alarm causes stripper 1 to shut 
down, telemetry will activate stripper 2. 
O&M assumes local entity will perform tasks including monthly in/eff sampling, quarterly cleaning. Electric costs included. 

Item Description Takeoff Qty Unit Total 
$/Unit Grand Total 

Mobilization/Demobilization 
Temporary Facilities 1 lsum 10,000 10,000 
Transportation Equipment and Staff 1 lsum 25,000 25,000 

TOTAL 35,000 

Demolition of Existing Well House and Installation of New Building 

Demo and Dispose - concrete, single story (assume 25x25) 625 sq. ft. 9.5 5,938 
25X25X16 Foot Cinder Brick Building 2,570 sq. ft. 13 33,410 
Floor Slab 4" thick with curb and sump 16 yd. 400 6,400 
Shop Fabricated Trusses 1,000 sf. flr. 4.5 4,500 
Corrugated Steel Roofing Panels 800 sq. ft. 4.8 3,800 
Overhead Doors 2 ea. 3,000 6,000 
Lighting, Exhaust, misc 1 lsum 12,500 12,500 
Strip Footing (12" deep x 32" wide with underdrain) 130 lf 45 5,850 
Overhead electric hoist, 15' lift, 3 ton cap 1 lsum 5,000 5,000 
Oversight 5 days 1,100 5,500 
Hotel/Per Diem 7 days 235 1,645 
Vehicle/ODC 7 days 125 875 

TOTAL 91,418 
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Alternative 20 - Well Heat Treatment using stripper (2 treatment trains) 
400 gpm influent 
Assumes 25x25x16 cinderblock building with fab. Wood trusses, steel roof and strip footing. 
Assumes installation of overhead, electric chain hook, 15' lift 3 ton capacity - hoist. 
Well rehab includes installation of new 15 hp pump and redevelopment. 
Treatment includes two 400 gpm 2-tray SS shallow tray strippers with 25 hp blowers, stripper discharge will gravity drain to 
lift station. Lift station cost not included. Assumes one stripper will be active at all times. If alarm causes stripper 1 to shut 
down, telemetry will activate stripper 2. 
O&M assumes local entity will perform tasks including monthly in/eff sampling, quarterly cleaning. Electric costs included. 

Item Description Takeoff Qty Unit Total 
$/Unit Grand Total 

Treatment Train - two tower redundant system 
Well rehab 1 ea. 10,000 10,000 
Connection to Well 1 ea. 24,000 24,000 
Flow Meter 1 ea. 1,400 1,400 
Remote Monitoring Unit 1 ea. 3,200 3,200 
Electrical Controls for Strippers 1 ea. 15,500 15,500 
Low Profile Strippers 271-360 gpm - 2 tray 2 ea. 56,201 112,402 
PLC, 160 I/O points, 6K logic memory 1 ea. 5,000 5,000 
Operator Interface for PLC, 500 40 character messages 1 ea. 1,063 1,063 
Misc ODC 1 est. 15,000 15,000 
Electrician 1 est. 24,500 24,500 
Startup Cost (labor) 1 ea. 23,162 23,162 
Oversight 30 est. 1,100 33,000 
Hotel/Per Diem 30 est. 235 7,050 
Vehicle/ODC 35 est. 125 4,375 

TOTAL 279,652 
Sentinel Wells 
Mobilization 1 ea. 5,000 5,000 
Install 5 nested well clusters - assume 160 per 3-well cluster (sonic) 800 ea. 125 100,000 
Development 15 ea. 500 7,500 
Well completions 15 ea. 300 4,500 
Oversight 14 days 1,100 15,400 
Hotel and Per Diem 15 days 235 3,525 
Field Vehicle and ODC 15 days 135 2,025 

TOTAL 137,950 
Capital Costs 544,020 

HULL & ASSOCIATES, INC. SEPTEMBER 2009
 
MASON, OHIO APPENDIX K
 



TABLE K-30 - PRELIMINARY ESTIMATE OF CAPITAL AND OPERATION AND MAINTENANCE COSTS 

FOR WELL HEAD TREATMENT AT THE SOUTH WELL USING CARBON ADSORPTION
 

Alternative No. 21 

Estimate prepared by Hull using Racer 
All subcontracted and material costs are assumed to be directly contracted and/or purchased by NHBB. 

Installation of Well Head Treatment @ South Well - Carbon Polishing - Two Trains 

CAPITAL COST 

ITEM DESCRIPTION UNITS QUANTITY UNIT PRICE 
DOLLARS 

TOTAL COST 
DOLLARS 

Mobilization/Demobilization
 Transportation Equipment and Staff each 1 $30,000 $30,000
 Temporary Facilities each 1 $10,000 $10,000 

Demolition of Existing Well House and Installation of New Building
 Demolition LS 1 $5,938 $5,938
 New Building LS 1 $77,460 $77,460
 Oversight LS 1 $8,020 $8,020 

Treatment Train - two-train redundant system
 Well Rehab/Connection LS 1 $34,000 $34,000
 System Components LS 1 $163,800 $163,800
 Labor LS 1 $33,917 $33,917
 PLC LS 1 $6,063 $6,063
 Electrician LS 1 $24,500 $24,500
 ODC/Materials LS 1 $15,000 $15,000
 Oversight LS 1 $44,425 $44,425 

Sentinel Wells
 Drilling LS 1 $117,000 $117,000
 Oversight LS 1 $20,950 $20,950 

Subtotal - Construction Cost $591,073 

NON-CONSTRUCTION COST
 Contractor Fee (0% of Capital Cost) $0
 Legal Fees, Licenses and Permits (15% of Capital Cost) $88,661
 Engineering and Administration (20% of Capital Cost) $118,215
 Contingency (20% of Subtotal) $118,215 

Subtotal - Non-Construction Cost $325,090 

TOTAL CAPITAL COST $916,162 

OPERATION & MAINTENANCE COST 

ITEM DESCRIPTION UNITS QUANTITY 2008 UNIT PRICE 
($) 

2008 TOTAL COST 
($) 

Operations and Maintenance* 
Carbon Regen. (assumes 1 complete regen. per year) 
Component/Misc Equip. replacement 

year 
year 
year 

1 
1 
1 

$65,000 
$28,000 
$5,000 

$65,000 
$28,000 
$5,000 

SUBTOTAL 
CONTINGENCY (10% of Subtotal) 

$98,000 
$9,800 

TOTAL $107,800 
Present Worth @ 7% discount rate for 30 years $1,431,333 

TOTAL CONSTRUCTION COSTS 
PRESENT WORTH O&M COST 
TOTAL PRESENT WORTH COST 

$916,162 
$1,431,333 

$2,347,496 
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Alternative 21 - Well Heat Treatment using carbon (2 treatment trains) 
400 gpm influent 
Assumes 25x25x16 cinderblock building with fab. Wood trusses, steel roof and strip footing. 
Assumes installation of overhead, electric chain hook, 15' lift 3 ton capacity - hoist. 
Well rehab includes installation of new 15 hp pump and redevelopment. 
Treatment train includes two 10,000 pound carbon vessels with pressure relief valves. Assumes vessels 
are 1/2 full due to low conc. Assumes installation of two 3K gal flow equalization tanks and transfer pumps. Assumes one train 
will be active at all times. Controls will activate second train if primary goes down. 
O&M assumes local entity will perform tasks including monthly in./eff. sampling, quarterly cleaning. Electric costs included. 

Item Description Takeoff Qty Unit Total 
$/Unit Grand Total 

Mobilization/Demobilization 
Temporary Facilities 1 lsum 10,000 10,000 
Transportation Equipment and Staff 1 lsum 30,000 30,000 

TOTAL 40,000 

Demolition of Existing Well House and Installation of New Building 

Demo and Dispose - concrete, single story (assume 25x25) 625 sq. ft. 9.5 5,938 
25X25X16 Foot Cinder Brick Building 2,570 sq. ft. 13 33,410 
Floor Slab 4" thick with curb and sump 16 yd. 400 6,400 
Shop Fabricated Trusses 1,000 sf. flr. 4.5 4,500 
Corrugated Steel Roofing Panels 800 sq. ft. 4.8 3,800 
Overhead Doors 2 ea. 3,000 6,000 
Lighting, Exhaust, misc 1 ls 12,500 12,500 
Strip Footing (12" deep x 32" wide with underdrain) 130 lf 45 5,850 
Overhead electric hoist, 15' lift, 3 ton cap 1 ls 5,000 5,000 
Oversight 5 days 1,100 5,500 
Hotel/Per Diem 7 days 235 1,645 
Vehicle/ODC 7 days 125 875 

TOTAL 91,418 
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Alternative 21 - Well Heat Treatment using carbon (2 treatment trains) 
400 gpm influent 
Assumes 25x25x16 cinderblock building with fab. Wood trusses, steel roof and strip footing. 
Assumes installation of overhead, electric chain hook, 15' lift 3 ton capacity - hoist. 
Well rehab includes installation of new 15 hp pump and redevelopment. 
Treatment train includes two 10,000 pound carbon vessels with pressure relief valves. Assumes vessels 
are 1/2 full due to low conc. Assumes installation of two 3K gal flow equalization tanks and transfer pumps. Assumes one train 
will be active at all times. Controls will activate second train if primary goes down. 
O&M assumes local entity will perform tasks including monthly in./eff. sampling, quarterly cleaning. Electric costs included. 

Item Description Takeoff Qty Unit Total 
$/Unit Grand Total 

Treatment Train - two-train redundant system 
Well rehab 1 ea. 10,000 10,000 
Connection to Well 1 ea. 24,000 24,000 
Flow Meter 1 ea. 1,400 1,400 
3000 gal storage tank 2 ea. 7,000 14,000 
10,000 lb carbon vessel 2 ea. 68,000 136,000 
350 gpm transfer pump 2 ea. 6,200 12,400 
PLC, 160 I/O points, 6K logic memory 1 ea. 5,000 5,000 
Operator Interface for PLC, 500 40 character messages 1 ea. 1,063 1,063 
Misc ODC 1 est. 15,000 15,000 
Electrician 1 est. 24,500 24,500 
Startup Cost (labor) 1 ea. 33,917 33,917 
Oversight 30 est. 1,100 33,000 
Hotel/Per Diem 30 est. 235 7,050 
Vehicle/ODC 35 est. 125 4,375 

TOTAL 321,705 

Sentinel Wells 
Mobilization 1 ea. 5,000 5,000 
Install 5 nested well clusters - assume 160 per 3-well cluster (sonic) 800 ea. 125 100,000 
Development 15 ea. 500 7,500 
Well completions 15 ea. 300 4,500 
Oversight 14 days 1,100 15,400 
Hotel and Per Diem 15 days 235 3,525 
Field Vehicle and ODC 15 days 135 2,025 

TOTAL 137,950 
Capital Costs 591,073 
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